DEPRESSION  IN  ’47? 

..controls  can  bring  one 


lines  to  the  neglect  of  others.  Result— imbalanced 
production,  unbalanced  inventories,  and  a  seri¬ 
ous  cut  in  the  flow  of  goods  to  consumers. 

2.  More  or  less  uniform  post  V-J  Day  wage 
increases,  promoted  by  the  federal  government, 
have  imposed  a  far  more  serious  cost  problem  on 
some  industries  than  on  others.  This  is  particu¬ 
larly  true  of  some  of  the  most  basic  industries. 

3.  While,  as  a  whole,  “business  profits,  after 
taxes,  are  at  the  highest  point  in  history”  (due 
in  part  to  a  temporary  excess  profit  tax  rebate 
arrangement)  there  are  enormous  disparities  in 
the  profits  of  different  industries.  Some  key  in¬ 
dustries  are  making  little  or  no  profits. 

4.  If  not  corrected,  the  distortion  of  prices, 
wages  and  production,  which  has  resulted  in 
such  a  wide  disparity  of  profits,  can  contribute 
decisively  to  a  major  business  upset. 

The  most  striking  example  of  the  distortion  of  pro¬ 
duction  by  controls  was,  of  course,  that  provided  by 
a  metropolitan  meat  famine  at  a  time  when  beef 
cattle  crowded  the  ranges.  This  has  now  been  recog¬ 
nized.  But  there  are  many  other  distortions.  Abun¬ 
dance  of  sports  clothes,  acute  shortage  of  more  essen¬ 
tial  clothing  made  from  the  same  kind  of  cloth. 
Successive  shortages  of  critically  important  products 
like  baling  wire  and  nails  as  the  price  lid  on  steel 
is  jiggled  first  this  direction  and  then  that. 

Some  of  these  distortions  of  production  are  due  to 
material  shortages.  But  a  major  contributor  is  un¬ 
even  application  of  controls,  and  the  total  removal  of 
some  while  others  are  held  firm.  Among  the  results 
are  bulging  inventories  of  partially  completed  assem¬ 
blies  and  shut-downs  while  waiting  for  parts. 

Wage  Complications 

While  price  controls,  unevenly  applied,  have 
shimted  production  first  this  way  and  then  that,  the 
federal  government  has  further  complicated  the  situ¬ 
ation  by  promoting  uniform  wage  rate  increases 
without  regard  to  varying  capacities  to  pay  them. 
The  greatest  single  contribution  to  this  distortion 
was  made  by  the  President  himself.  In  the  course  of 


IT  IS  CONVENTIONAL  for  the  American  busi¬ 
ness  man, who  values  freedom,  to  protest  against 
government  regulation.  On  this  account,  many 
people  who  do  not  know  the  facts  in  detail  are  in¬ 
clined  to  discount  current  business  protests  against 
the  post-war  application  of  wartime  economic  con¬ 
trols.  This  is  particularly  true  since  in  his  report  for 
the  third  quarter  of  this  year,  the  Director  of  War 
Mobilization  and  Reconversion  implied  that  busi¬ 
ness  is  in  fine  health  by  remarking  that  “business 
profits,  after  taxes,  are  at  the  highest  point  in 
history.” 

In  complaining  about  government  controls,  how¬ 
ever,  the  American  business  man  is  not  crying  wolf. 
These  controls  were  an  essential  war  weapon.  Now, 
however,  they  are  contributing  decidedly  to  a  twist¬ 
ing  and  distorting  of  the  American  economy  in  a 
degree  which,  if  not  soon  corrected,  may  well  start 
production  and  employment  down  the  toboggan. 

One  general  indication  of  how  badly  twisted  our 
economic  system  has  become  is  found  in  the  wide 
disparities  in  the  amounts  by  which  different  groups 
of  prices  have  increased.  Since  1941,  for  example, 
farm  prices  have  advanced  an  average  of  about 
125%.  Industrial  prices,  more  tightly  controlled  than 
any  other  group  except  rents,  have  increased  only 
about  32%.  Meanwhile,  straight  time  hourly  earnings 
of  industrial  workers  have  gone  up  about  60%  and 
the  cost  of  living  about  43%. 

The  advances  of  individual  prices  within  these 
groups  have  also  varied  enormously.  Among  indus¬ 
trial  prices,  that  of  finished  steel  has  gone  up  only 
about  14%  since  1941,  while  lumber  has  gone  up  over 
50%.  Hourly  wage  rates  in  the  women’s  garment 
industry  have  gone  up  116%,  while  those  in  the 
brewing  industry  have  gone  up  only  33%.  That  share 
of  the  cost  of  living  due  to  rent  has  gone  up  only 
4%,  while  that  due  to  the  cost  of  clothing  has  gone 
up  over  60%. 

WeU,  What  Of  It? 

At  least  four  things  of  major  importance: 

1.  Production,  under  the  influence  of  price 
control,  has  been  heavily  concentrated  in  some 


unsuccessfully  trying  to  mediate  the  dispute  over 
Steel  wages  last  January  he  recommended  a  wage 
rate  increase  of  1S%  cents  an  hour.  Immediately  that 
increase  was  accepted  by  organized  labor  as  par  for 
the  first  round  of  wage  adjustments,  having  the  sanc¬ 
tion  of  the  White  House  itself.  The  game  then  be¬ 
came  to  beat  par. 

But  the  capacity  of  different  industries  to  pay 
wage  increases  varied  greatly.  During  the  war  some 
had  hiked  their  i)ay  much  more  than  others.  More¬ 
over,  in  some  industries  wages  are  a  much  larger 
element  of  total  cost  than  in  others.  In  1939  (last 
year  for  which  figures  are  available)  wages  ranged 
all  the  way  from  2%%  of  total  sales  in  cigarette 
manufacturing  to  34.3%  in  hosiery  manufacturing 
and  65.2%  (for  wages  and  salaries  combined)  in  soft 
coal  mining. 

Under  these  circumstances,  some  industries  were 
far  less  able  to  meet  a  uniform  wage  increase  than 
othfers.  Nonetheless,  many  of  them  had  uniform  wage 
increases  imposed  upon  them.  Then  the  price  lid  was 
held  firm.  This,  coupled  with  material  shortages  and 
production  difficulties  which  also  choked  output, 
squeezed  the  profit  right  out  of  those  industries. 

A  Study  In  Contrasts 

Some  of  the  most  important  industries  are  making 
little  or  no  profits  while  they  bump  along  on  a  pro¬ 
duction  volume  which  fails  to  meet  consumer  needs 
and  prevents  attainment  of  maximum  efficiency.  The 
automobile  industry  affords  one  conspicuous  exam¬ 
ple.  Another  is  electrical  manufacturing,  and  rail 
equipment  is  yet  a  third.  All  of  them  are  crucially 
important.  Many  other  lines  of  business,  of  course, 
are  extremely  profitable.  For  example,  the  profits  of 
a  group  of  large  retail  stores  were  150%  higher  dur¬ 
ing  the  first  half  of  this  year  than  they  were  a  year 
ago;  the  profits  of  a  group  of  motion  pictoe  com¬ 
panies  were  up  140%. 

In  the  meantime,  the  workers  in  some  of  those 
low-profit  industries  are  in  no  bed  of  roses.  The  in¬ 
crease  in  the  cost  of  living  since  1941  is  now  outstrip¬ 
ping  the  increase  in  the  hourly  wage  rate  of  workers 
in  a  number  of  industries,  where  wage  rates  have  not 
risen  as  much  as  the  average.  On  a  weekly  basis,  a 
shorter  work  week,  with  less  overtime,  has  combined 
with  the  recent  upsurge  in  consumer  prices,  to  place 
the  living  standards  of  some  of  these  workers  below 
the  wartime  level. 

Such  circumstances  obviously  create  pressure  in 
the  ranks  of  these  workers  for  another  round  of 
wage  increases.  But  as  long  as  the  profit  remains 
squeezed  out  of  their  industries  wage  increases,  if 


any,  must  be  translated  either  into  higher  prices,  or, 
if  the  government  sits  tight  on  the  price  lid,  into 
losses  which  will  discourage  production  and  ulti« 
mately  cost  workers  their  jobs. 

What  To  Do? 

Salvation  both  for  the  workers  and  for  employers 
in  the  relatively  profitless  section,  a  peculiarly  im- 
portant  group  of  industries,  must  be  looked  for 
primarily  by  increasing  productivity,  thereby  de¬ 
creasing  the  cost  per  unit  Part  of  tl^  higher  pro¬ 
ductivity  can  come  only  from  individual  efforts 
of  the  workers  themselves.  Another  part  can  come 
from  an  elimination  of  bottlenecks  in  materials  and 
parts  which  prevent  the  labor  force  from  working 
most  efficiently.  Only  by  greater  output  per  man- 
hour  can  workers  and  management  solve  their 
common  problem. 

Until  productivity  has  been  thus  increased,  it  is 
hard  to  think  how  the  federal  government  could  do 
a  greater  disservice  both  to  labor  and  to  industry 
than  to  repeat  its  performance  of  promoting  a  uni¬ 
form  national  wage  increase.  With  the  present  dis¬ 
tortion  of  the  national  economy,  some  industries 
might  again  take  such  an  advance  in  their  stride. 
With  many  others  it  would  raise  even  greater  havoc. 

While  avoiding  like  the  plague  promotion  of  an¬ 
other  uniform  wage  adjustment,  the  federal  govern¬ 
ment  must  make  it  a  primary  objective  to  relieve 
distortions  caused  by  the  uneven  application  of  other 
controls,  primarily  price  controL  Nature  has  given  a 
lift  to  the  elimination  of  distortions  by  providing 
bumper  grain  crops  which  should  in  time  reduce  that 
staggering  disparity  between  a  125%  increase  in 
farm  prices  and  a  32%  increase  in  industrial  prices. 
But  that  process  must  be  speeded  as  a  matter  of 
conscious  policy.  No  element  of  such  a  policy  is  more 
important  than  expediting  the  decontrol  of  industrial 
prices.  Such  a  course  is  clearly  essential  to  achieve 
that  balance  in  the  production  of  materials  and  parts 
required  for  maximum  output. 

Business  and  labor  both  want  a  sustained  prosper¬ 
ity  in  which  all  will  share.  Sustained  prosperity  can 
be  achieved  only  if  we  eliminate  the  distortions  in 
wages,  prices  and  profits  which  now  restrain  so  much 
vital  production. 
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Product  of  TELEX,  Inc.,  Minneapolis,  Minn. 


PLASKON 


TELEX 


tells  an  impressive 


story 


Plaskon  Molded  Color  makes  this  TELEX 


The  TELEX  under-pillow  speaker  is  a  new  and 
extremely  rugged  electro-magnetic  sound  generat¬ 
ing  unit.  It  is  designed  for  normal  sound  reproduc¬ 
tion  when  placed  under  a  pillow,  or  as  a  personal 
radio  soft  speaker  not  requiring  headphones.  Thou¬ 
sands  already  are  in  use  in  hospitals,  hotels,  homes. 


unit  warm  and  friendly  to  the  touch.  The 


gleaming,colorful,non-porous  surface  will 


not  tarnish,  check  or  corrode.  It  is  imper¬ 


vious  to  the  action  of  oils,  greases,  alco¬ 


hol,  acetone  and  other  common  solvents. 


Pullman  cars,  bus  lines,  air  lines  and  other  places 


Plaskon  materials  have  distinctive  features  that 


where  soft,  high-fidelity  radio  reproduction  is  desired. 


give  them  wide-spread  application  in  the  electrical. 


cosmetic,  drug,  garment  and  many  other  industrial 


The  TELEX  under-pillow  speaker  is  an  ideal  appli¬ 


fields.  We  shall  be  glad  to  help  you  adapt  the  many 


cation  of  Plaskon,  using  almost  every  one  of  the 


advantages  of  these  versatile  materials  to  your 


many  advantages  of  this  versatile  plastic  material. 


manufacturing  and  merchandising  needs.  Write 


for  free  illustrated  book  on  Plaskon  plastics. 


The  beautiful,  rich-looking  case  is  strong  and  shock¬ 


proof,  not  easily  damaged,  and  adequately  protects 
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P.  R.  MALLORY  &  CO.,  Inc.,  INDIANAPOLIS  6,  INDIANA 


Built  to  Last 


. .  .With  Unlimited  Circuit  Possibilities 


TO  LAST”  tells  only  part  of  the  story  of  this  Mallor) 
-L/  switch  which  combines  compact  design  with  remarkable 
circuit  flexibility. 


It’s  designed  specifically  for  radio  receivers  where  higher 
torque,  snap  indexing  is  essential.  And  in  common  with  other 
members  of  the  Mallory  RS  line,  it  has  these  additional  features: 


New^  heavier  staples  and  stapling  technique,  insuring  tight  ter¬ 
minals  .  .  .  New  stator  design  improves  rotor  and  contact  align¬ 
ment  .  .  .  Double  wiping  contacts  .  .  ,  SHver-UhsUver  contacts 
.  .  .  Indium-treated,  silver  plated  rotor  segments, 

Sound  like  a  switch  that  fits  your  product?  Then  write  today 
for  RS  Switch  Data  Folders  and  Specification  Sheets.  If  special 
problems  are  involved,  Mallory  engineers  are  ready  to  help. 
Standard  Mallory  switches  may  be  readily  obtained  from  your 
Mallory  Distributor. 


MULTIPLE 

SECTION 

SWITCH 

RS-4( 


Ask  for  RS  Specification-Layout  Sheets 

Printed  on  thin  paper  to  permit  blue¬ 
printing,  these  sectional  drawings  in¬ 
dicate  standard  and  optional  dimensions 
—make  it  easy  for  you  to  order  pre- 
production  samples  of  RS  switches  built 
to  meet  your  requirements  exactly.  Ask 
your  nearest  Mallory  Field  Representa¬ 
tive  or  write  direct  for  a  supply. 
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ELECTRONICS 


TABLE  I 

Electronic  Equipment 
Exposed  to  the  Bikini  Bombs 


Fire-control  radars . 

Surface-search  radars.... 
Air-search  and  airborne 

radars  . 

Radar  repeaters . 

Radar  countermeasures 

equipment  . 

Radar  and  radio  beacons 

IFF  equipment . 

Radio  transmitters . 

Radio  receivers  . 

Antennas  . 

Radio  transmitter  ■  re¬ 
ceivers  . 

Sonar  echo-ranging  equip¬ 
ment  . 

Sonar  echo-s  o  u  n  d  i  n  g 

equipment  . 

Loran  navigation  equip- 

me.nt  . 

Communications  auxil¬ 
iary  equipment . 

Teletype  equipment  .... 

Test  equipment  . 

Telephone,  intercom- 

munication  . 

Radio  direction  -  finding 
equipment  . . 


Test  Test 
Able  Baker 
48  46 


36  36 

7  7 

277  237 

251  222 

813  720 


498  525 


1069  1013 

5  — 

288  274 


3835  3529 


The  purpose  of  the  electronic 
program  of  Operation  Cross¬ 
roads  was  twofold:  (1)  to  expose 
electronic  equipment  of  the  Navj* 
and  the  Army  to  the  effects  of 
atomic  bombs  and  to  assess  the 
damage,  and  (2)  to  provide  elec 
tronic  systems  for  measuring  and 
observing  the  technical  effects  as 
sociated  with  bomb  explosions,  such 
as  water  and  air  pressures,  radio 
wave  propagation,  wave  heights 
and  the  like. 

To  implement  this  program,  the 
Electronics  Coordinating  Officer 
was  appointed  to  organize  and  di 
rect  the  work.  A  staff  of  85  offi 
cers,  75  civilians  and  300  enlisted 
men  was  assembled,  all  electronic 
specialists.  The  civilians  were  re 
cruited  from  the  Naval  Research 
Laboratory,  the  Signal  Corps  Engi 
neering  Laboratory,  and  from  13 


AT  BIKINI 


Telemetering,  radio  and  radar  monitoring,  television  and 
stratovision  measured  effects  of  atomic  bombs,  while 
3,800  electronic  equipments  were  exposed  on  target  ships. 
First  published  details  of  Crossroads  electronics  program 


By  DONALD  G.  FINK 


Executive  Editor, 
Electronics 


and 


CAPT.  CHRISTIAN  L.  ENGLEMAN,  U.S.N. 

Electronics  Coordinating  OjSftcer 
Joint  Task  Force  One 


industrial  and  academic  labora¬ 
tories.  This  group  was  charged 
with  all  the  electronic  activity  of 
the  task  force,  except  the  airborne 
drone  control  equipment  and 
the  Manhattan  District  bomb-det¬ 
onating  and  timing-signal  systems. 

The  base  of  operations  of  the 
Electronics  Coordinating  Officer 
(ECO)  and  his  staff  was  the 


USS  Avery  Island,  a  10,000-ton 
Liberty-type  hull  converted  for  use 
as  an  electronic  supply  and  repair 
ship.  This  ship  was  remodeled  to 
provide  air-conditioned  laboratory 
spaces  and  quarters  for  the  stalf, 
and  a  number  of  specialized  an¬ 
tenna  structures  covering  the  fre¬ 
quency  range  from  7  me  to  26,000 
me  were  installed  topside. 


Telemetering  receWera  (center)  for  recording  presture-iime  pulse  of  underwater  bunt. 
High-speed  camera  (right)  rcords  at  the  rote  of  600  inches  of  35-mm  film  per  second 
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The  basic  job  of  the  ECO  was  to 
determine  what  happened  to  stand¬ 
ard  military  electronic  equipment 
when  exposed  to  the  air  burst  and 
underwater  burst  of  the  atomic 
bombs.  The  target  ships  numbered 
75  in  Test  Able  (air  burst)  and  73 
in  Test  Baker  (underwater  burst). 
All  of  the  electronic  equipment  nor¬ 
mally  installed  on  these  ships,  in¬ 
cluding  radio  transmitters  and  re¬ 
ceivers,  radar,  sonar,  loran,  public 
address  and  communicating  equip¬ 


ment,  was  examined  prior  to  each 
test  and  its  condition  recorded. 

Exposure  and  Inspection  of  Equipment 

Prior  to  Test  Able,  97  percent  of 
all  the  equipment  was  found  to  be 
in  operating  condition.  In  addition 
to  shipborne  equipment,  electronic 
equipments  of  the  Naval  air  arm, 
and  of  the  Army  Ground  Forces, 
were  exposed  on  the  decks  of  vari¬ 
ous  vessels  and  on  Bikini  Island.  In 
all,  this  array  of  equipment  num- 


Permcment  records  o!  signols  were  mode  by  pbotoqrophing  eotbode-ray  screens. 
Here  is  set-up  ior  measuring  infra-red  radiation  from  blast 


bered  3,835  different  items  in  Test 
Able,  3,529  items  in  Test  Baker.  Ta¬ 
ble  I  shows  the  breakdovsTi  of  ex¬ 
posed  equipment  by  types. 

Some  idea  of  the  scope  of  the 
damage  inspection  job  can  be  gath¬ 
ered  from  the  fact  that  over  800 
communications-type  receivers  were 
exposed,  the  radar  equipment  num¬ 
bered  nearly  300  major  items,  test 
equipment  over  250  major  items, 
and  even  specialized  items  like 
sonar  and  loran  numl^ered  approxi¬ 
mately  50  major  items  of  each  type. 

Following  each  blast  the  target 
equipment  was  inspected,  at  first 
visually  and  later,  when  power  was 
available,  by  thoroughgoing  appli¬ 
cation  of  test  equipment.  This  job 
took  a  force  of  150  specialists  sev¬ 
eral  weeks  following  each  blast.  The 
condition  of  each  equipment  follow¬ 
ing  each  blast  was  recorded  in 
tabular  form,  requiring  a  report  of 
1,060  pages  for  the  Able  test  alone. 

Details  of  the  damage  caused  to 
electronic  equipment  have  been 
classified  “secret”  by  the  Joint 
Chiefs  of  Staff  and  hence  cannot  be 
revealed.  The  distance  relative  to 
the  bomb  within  which  equipment 
suffers  severe  damage,  not  repair¬ 
able  at  sea,  the  additional  distance 
within  which  minor  damage  is  sus- 


All  set  for  the  Baker  Blast.  Technical  personnel  aboard  radar  platform  of  USS  Avery  Island,  a  few  minutes  before  the  second 
atomic  explosion.  Note  radar  monitoring  dishes,  and  intercept  antennas  on  mast  (top  center) 


K-band  (one  centimeter)  dish  for  monitoring  APS-34  radar  transmissions  through  blast 
cloud.  Note  curred  wonreguide  feed 


tained,  and  the  distance  beyond 
which  the  damage  is  negligible, 
are  known.  Thus,  the  damage- 
inspection  function  of  Operation 
Crossroads  was  successfully  accom¬ 
plished.  General  conclusions  have 
been  drawn,  the  weak  points  of 
particular  equipments  revealed,  and 
this  information  is  being  for- 
w^arded  to  equipment  designers  in 
the  Naval  Bureaus  and  the  Signal 
Corps. 

Electronic  Instrumentation 

While  the  primary  purpose  of  the 
Bikini  tests  was  to  assess  damage 
produced  by  the  bomb  at  various 
distances,  it  was  not  sufficient 
merely  to  expose  the  equipment  and 
examine  it  afterwards.  This  pro¬ 
cedure  w'ould  reveal  what  had  hap¬ 
pened,  but  would  leave  largely 
unanswered  the  question  of  how  the 
damage  was  caused.  This  “how” 
factor  involved  the  values  of  pres¬ 
sure,  temperature,  blast  and  shock 
to  which  the  equipment  was  sub¬ 
jected.  Without  such  quantitative 
information,  designers  would  find 
it  difficult  to  improve  the  designs 
found  inadequate.  To  permit  in¬ 
terpretation  of  observed  damage,  a 

The  radio  and  radar  monitor  room.  ThoM 
men.  from  NotoI  Research  Laboratory, 
were  busy  with  equipment  shown  and  did 
not  see  Able  blast 


program  of  scientific  instrumenta¬ 
tion  was  set  up. 

In  the  field  of  electronics,  this  in¬ 
strumentation  program  had  five 
major  parts:  (1)  television  for 
direct  observation  of  the  blast  and 
its  effects,  and  for  measuring  the 
heights  of  waves;  (2)  a  study  of 
electromagnetic  wave  effects,  in¬ 
cluding  monitoring  of  radio  and 
radar  equipments  operating  during 
each  blast,  these  being  on  ships  and 
on  one  of  the  Bikini  islands;  (3) 
telemetering  of  air  and  water  pres¬ 
sures  created  by  the  explosions ; 


(4)  telemetering  of  radioactivity, 
and  (5)  precise  measurement  of  the 
relative  timing  of  various  events 
connected  with  the  explosion. 

The  Television  System 

Two  light-weight  television  trans¬ 
mitting  systems  (type  ARK/ATK 
or  “Block  III”)  were  set  up  on 
Bikini  Island,  about  three  miles 
from  the  blast  center.  These  equip¬ 
ments  weigh  only  100  pounds,  have 
a  power  output  of  10  to  15  watts  in 
the  frequency  range  150  to  270  me, 
and  produce  a  350-line  40-frame 
picture  using  a  standard  iconoscope 
camera.  The  equipment  was 
mounted  atop  75-foot  steel  towers 
and  so  positioned  that  one  camera 
viewed  the  target  fleet,  taking  in 
about  10  of  the  principal  target 
ships  at  the  center  of  each  array, 
w’hile  the  other  was  trained  on  the 
nearby  beach  to  televise  waves 
caused  by  the  exposions.  Approxi¬ 
mately  20  receivers  were  distrib¬ 
uted  among  seven  observing  ships, 
including  Admiral  Blandy’s  flag¬ 
ship,  the  press  ship,  two  official 
observer  ships  (military,  .scientific 
and  United  Nations  observers),  and 
three  “working”  instrumentation 
ships.  The  receivers  employ  7-inch, 
green-phosphor  cathode-ray  tubes, 
and  can  tune  to  any  of  ten  8-mc 
channels  separated  12  me.  Each 
receiver  was  fitted  with  one  or  more 
monitor  picture  tubes  located  at 
various  points  in  each  ship  to  i>er- 
mit  as  many  as  100  observers  to 
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view  the  scene  simultaneously. 

One  of  the  problems  of  televising 
the  air  burst  was  the  intense  light 
generated  by  the  atomic  fission. 
Advance  information  stated  that  at 
the  three-mile  distance,  bomb 
brightness  would  equal  or  exceed 
that  of  the  sun  for  a  period  of  sev¬ 
eral  seconds.  Since  it  was  known 
that  direct  exposure  to  such  light 
would  burn  the  mosaic  of  the 
iconoscopes,  tests  were  conducted 
at  Bikini  to  determine  the  density 
of  the  optical  filters  necessary  to 
protect  the  cameras.  It  was  found 
that  100  percent  modulation  of  the 
television  carrier  occurred  when  a 
camera  viewed  the  sun  through  a 
filter  of  density  2.1  (transmission 
0.008).  It  was  also  found  that  an 
illumination  several  hundred  times 
that  of  the  sun  could  be  safely 
handled  for  a  period  of  a  few 
thousandths  of  a  second.  This  was 
proved  by  exploding  a  four-million 
lumen  fiash  bulb  directly  in  front 
of  the  lens  at  a  distance  of  one  foot 
and  noting  the  effect  on  the  video 
waveform. 

To  protect  the  camera  which 
viewed  the  air  burst  directly,  a 
magnetically  operated  solenoid 
carrying  a  neutral-density  filter  of 
density  2.4  was  positioned  in  front 
of  the  lens  and  controlled  by  a  tim¬ 
ing  circuit  having  a  delay  of  13 
seconds.  The  filter  was  positioned 
by  a  radio  timing  signal,  scheduled 
for  5  seconds  before  the  blast,  and 
removed  8  seconds  after  the  blast. 


For  reasons  of  safety  and  security, 
several  of  the  observing  ships  were 
stationed  at  about  20  miles  from 
the  air  blast.  This  exceeded  the 
range  of  the  10-watt  carrier,  since 
the  transmitter  and  receiver  an¬ 
tennas  were  no  more  than  75  feet 
above  ground.  Accordingly,  it  was 
decided  to  operate  an  airborne  tele¬ 
vision  relay  on  the  stratovision 
principle.  Transmitting  equipment 
identical  to  that  on  Bikini  Island 
was  installed  on  two  PBM  Mariner 
flying  boats.  Standard  Block  III  re¬ 
ceivers,  which  had  been  installed 
in  the  aircraft  to  permit  motion- 
picture  photography  of  the  televi¬ 
sion  scenes,  were  connected  to  the 
transmitters.  The  frequency  sep¬ 
aration  between  received  signal  and 
relayed  signal  was  24  me,  sufficient 
to  avoid  feedback  difficulties.  Ex¬ 
cellent  reception  at  the  20-mile 
range  was  achieved  by  this  method, 
and  recognizable  pictures  could  be 
seen  at  45  miles.  During  the  Baker 
test,  the  ships  were  located  at  10  to 
12  miles,  and  the  relay  proved  un¬ 
necessary  when  three-element  direc¬ 
tive  arrays  were  installed  on  the 
Bikini  transmitters. 

One  of  the  outstanding  aspects 
of  the  television  project  was  the 
reliability  of  unattended  transmit¬ 
ter  operation.  In  each  test  the 
transmitters  were  turned  on  about 
2:00  am,  and  the  camera  -circuits 
adjusted  without  an  image,  since 
darkness  prevailed.  Thereafter  the 
transmitters  continued  to  function 


Don  Fink,  ExecutiTO  Editor  of  Electronics, 
makes  wire  recording  just  prior  to  Able 
Day  blast.  Goggles  reduced  glore  of  blast 
by  more  than  10.000  times 


"Black  boxes",  the  battery-operated  radio 
receivers,  selective  filters  and  relays  which 
turned  on  equipment  automatically  just 
prior  to  each  Bikini  blast.  Several  hundred 
of  these  imits  were  spread  over  target 
ships,  observing  ships,  and  islands 


without  interruption,  and  without 
failure  of  any  kind,  surviving  the 
effects  of  the  blast  and  continuing 
to  operate  until  turned  off  some  15 
hours  later.  The  images,  while  not 
of  broadcast  quality,  were  entirely 
adequate  for  the  purpose  and  gave 
observers  the  first  indication  of  the 
extent  of  the  damage.  The  waves 
were  of  negligible  height  at  the 
Bikini  shore  following  the  air  burst, 
but  were  5  to  10  feet  high  following 
the  underwater  test. 

Radio  and  Radar  Monitoring 

The  monitoring  of  radio  and 
radar  equipment  had  two  purposes: 


Bow  of  the  USS  Avery  Island,  showing 
radar  platform  from  rear.  Vertical  whip 
antennas  were  used  to  monitor  c-w  trans¬ 
missions  on  5  to  15-mc  from  target  ships 
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One  was  to  observe  the  effects  of 
the  blast  on  the  frequency,  power 
output,  pulse  rate  and  pulse  width 
of  various  radio  and  radar  trans¬ 
mitters  which  were  operating  at 
the  time  of  the  blast  on  the  target 
ships.  The  second  was  to  observe 
what  effects  the  blast  cloud  and  its 
associated  phenomena  would  have 
on  radio  wave  propagation  at  vari¬ 
ous  frequencies,  particularly  attenu¬ 
ation,  generation  of  noise  and 
atmospheric  disturbances,  and 
radar  reflections  from  the  target 
array. 

For  this  purpose  a  large  number 
of  receivers  and  antennas  were  set 
up  on  the  USS  Averj’  Island  and  on 
Aomoen  Island  (one  of  the  Bikini 
group)  to  record  radio  signals. 
Recording  milliammeters  and  oscil¬ 
loscopes  photographed  by  motion- 
picture  cameras  were  used  to  pre¬ 
serve  the  records.  The  frequency 
range  covered  the  5  to  15  me  short¬ 
wave  communication  band,  the  200- 
mc  range  used  by  low-frequency 
radar  and  iff  equipment,  and  the 
10,  3,  and  1-cm  microwave  radar 
bands.  These  equipments  were 
successful  in  recording  a  number  of 
interesting  effects,  details  of  which 
are  still  classified.  In  general  it 
may  be  stated  that  an  atomic  ex¬ 
plosion  constitutes  no  serious  bar 
to  the  employment  of  radio  waves 
in  the  near  vicinity. 


Two  3-cm  radar  equipments  on 
Aomoen  Island  produced  records  of 
the  disposition  of  the  target  array 
before,  during  and  after  each  ex¬ 
plosion.  These  records  are  of  value 
in  placing  the  time  at  which  various 
ships  sank,  at  times  when  smoke 
and  spray  prevented  conventional 
photography. 

Elaborate  arrangements  were 
made  to  observe  the  blast  cloud  by 
radar  at  various  distances.  This 
was  successfully  achieved,  although 
the  distances  and  other  pertinent 
details  cannot  be  published.  Rec¬ 
ords  were  also  made  of  the 
‘‘spherics”  disturbances  (natural 
static)  present  on  the  0  to  5-mc 
range  before,  during,  and  after  the 
blast  in  the  Bikini  area  and  at  re¬ 
mote  locations  in  Wake  and  Guam. 
The  transmissions  of  standard  Navy 
c-w  transmitters,  with  keys  tied 
down  during  the  blasts,  were  moni¬ 
tored  at  Naval,  FCC  and  other 
government  monitoring  stations. 

To  measure  air  and  water  pres¬ 
sures  created  by  the  explosions  as  a 
function  of  time  at  various  posi¬ 
tions,  it  was  necessary  to  set  up 
several  remote  measuring  systems. 
One  of  these  telemetering  systems 
used  pressure  gauges  mounted  on 
the  superstructures  and  hulls  of 
selected  target  vessels.  The  output 
of  these  gauges  modulated  600-watt 
70-mc  frequency-modulation  trans¬ 


Weird  collection  of  antennas  on  mast  in¬ 
cludes  Tertical  70-mc  array  for  telemeter¬ 
ing,  seTen  intercept  antennas  with  ground 
planes  for  100-200  mo.  and  a  comer  re¬ 
flector  for  television  reception 


mitters.  In  the  air  burst,  18 
gauges  were  attached  to  a  single 
transmitter  which  was  connected  to 
each  gauge  in  turn  (time  sequence 
telemetering).  In  the  underwater 
test,  the  rate  of  rise  of  pressure 
was  much  greater  and  the  full 
bandwidth  of  the  system  was  used 
to  transmit  the  pressure  pulse  from 
a  single  gauge,  five  gauges  and 
transmitters  being  used  in  all.  Re¬ 
ceivers  located  on  the  USS  Avery 
Island  reproduced  the  pressure¬ 
time  pulse,  which  was  recorded  by 
a  moving-coil  oscillograph  on  paper 
tape  in  the  case  of  the  air  burst, 
and  by  a  high-speed  cathode-ray 
oscilloscope  on  motion  picture  film 
in  the  underwater  burst. 

A  similar  record  of  pressure  in 
air  and  water  was  obtained  by  a 
string  of  15  sonobuoys,  (water¬ 
borne,  battery-operated  transmit¬ 
ters)  arranged  along  a  radial  line 
from  the  target  center  at  intervals 
of  100  feet.  Microphones  and 
hydrophones,  when  actuated  by  the 
blast,  modulated  the  corresponding 
transmitter,  which  in  turn  actuated 
receivers  on  Aomoen  Island  some 
seven  miles  distant.  A  15-element 
moving-coil  oscillograph  recorded 
the  signals  as  functions  of  time  on 
a  photographic  paper  tape.  This 
and  similar  photographic  records 
were  removed  from  Aomoen  Island 


Monitoring  equipment  and  recorders.  The  photograph  shows  Just  a  small  portion  of 
the  gear  lued  to  cover  all  frequencies  from  5  me  to  26,000  me.  during  the  Able  blast. 
Oscillographic  cameras  (left  and  right)  and  recording  milliammeters  (center)  made 

permanent  records 


after  the  Baker  test  by  helicopter, 
since  the  radioactivity  was  too  in¬ 
tense  to  permit  approaching  the 
island  by  boat.  Film  records  of  the 
radar  images  were  fogged  by  ra¬ 
dioactivity  and  might  have  been 
completely  ruined  if  allowed  to  re¬ 
main  until  the  radioactivity  had 
subsided. 

Still  another  telemetering  system 
was  used  to  transmit  radioactivity 
levels  from  the  target  vessels  after 
the  Baker  test.  Geiger-counters 
and  ionization  gauges  were  con¬ 
nected  to  standard  Signal  Corps 
SCR-694  battery-operated  trans¬ 
mitters,  so  connected  that  each 
pulse  of  the  detector  caused  a  break 
in  the  carrier.  The  outputs  of  re¬ 
ceivers  on  the  USS  Avery  Island 
were  connected  to .  recording  mil- 
liammeters  which  recorded  the  in¬ 
tensity  for  a  period  of  several  days 
after  the  explosion.  The  radio-activ¬ 
ity  was  intense.  A  continuous  plot 
was  kept.  From  the  various  rates 
of  decay  observed,  it  was  possible  to 
predict  long  before  the  vessels  were 
boarded  that  they  would  remain 
uninhabitable  for  many  weeks  if  not 
months.  Even  at  the  present  writ¬ 
ing,  more  than  two  months  later, 
many  of  the  vessels  can  be  boarded 
safely  only  for  brief  periods. 

Remote  control  was  used  to  guide 
drone  boats  in  and  out  of  the  con¬ 
taminated  area,  to  pick  up  water 
samples  as 'a  further  aid  in  deter¬ 
mining  radioactivity  levels,  and  to 
aid  in  computing  the  efficiency  of 
the  atomic  bomb.  This  equipment, 
adapted  from  remote  control  equip¬ 
ment  developed  during  the  war, 
permitted  the  motor  to  be  started, 
the  anchor  slipped,  the  throttle  ad¬ 
vanced  or  retarded,  and  the  rudder 
turned  left,  right  or  centered,  and 
operated  a  pump  for  collecting 
water  samples,  all  by  pushbutton 
control  from  a  vessel  outside  the 
lagoon.  Airborne  observers  guided 
the  controllers,  by  radioing  instruc¬ 
tions  to  the  control  ship.  This 
equipment  operated  successfully 
and  permitted  observation  long  be¬ 
fore  human  beings  could  approach 
the  contaminated  area. 

More  conventional  electronic 
equipment  in  the  form  of  a  50-watt 
broadcast  transmitter  was  operated 
by  the  ECO  for  the  entertainment 
of  the  Task  Force.  Wire  recorders 
were  also  used  to  preserve  running 
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accounts  of  the  activity  aboard  the  test  a  time-monitoring  .system  was 
ship  during  both  tests.  .set  up  which  related  the  time  sig- 

The  many  electronic  equipments  nals,  and  the  actual  detonation,  with 

involved  were  set  in  motion  just  world  time,  by  compari.son  with 

prior  to  the  blast  by  audio  timing  WWV  signals, 

signals  sent  by  radio  from  the  USS  .All  of  this  complicated  electronic 
Cumberland  Sound,  the  laboratory  equipment  operated  satisfactorily, 

ship  of  the  Manhattan  District.  with  a  few  exceptions  traceable  to 

These  were  received  by  battery-  human  error  or  to  the  fact  that  the 

operated  receivers,  fitted  with  se-  delicate  equipment  aboard  the  tar- 

lecting  filters  and  relays  to  actuate  get  shijys  was  put  out  of  action  by 

equipment  at  internals  from  two  failure  of  power  supply  or  by  the 

minutes  to  two  .seconds  prior  to  l)last  itself.  Interpretation  of  the 

each  blast.  As  a  check  on  the  opera-  results  and  correlation  with  ob- 

tion  of  these  devices,  in  the  Baker  served  damage  are  now  underway. 


Battery  oi  two  television  receivers  and  associated  monitors,  mounted  in  "office"  of 
electronics  laboratory  ship.  Additional  monitors  were  provided  in  lounge  and  on  bridge 


The  Hobart  camera,  which  took  still  pictures  from  television  picture  tube  (in  black 
case  at  left),  at  rate  oi  one  per  second,  processed  them  automatically,  and  protected 
positive  image  on  screen  (at  right)  two  minutes  later 
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FIG.  1 — ^Th*  trcrrcling-ware  tube  project*  through  the  input  and  output  couplings  of  a  woreguide  circuit  Electron  gun  is  at  the  left 


The  traveling-wave  tube,  ulti- 
timately  to  be  used  as  a  re¬ 
peater  on  coaxial  and  radio  relay 
circuits,  is  a  wideband  ^ampli^ier  for 
frequencies  in  the  vicinity  of  4,000 
me.  It  has  an  operating  bandwidth 
of  800  me,  which  is  limited  primar¬ 
ily  by  the  coupling  between  tube 
and  microwave  waveguide  circuit. 

The  tube  consists  of  an  electron 
gun  that  projects  a  beam  of  elec¬ 
trons  at  a  velocity  one-thirteenth 
that  of  light  down  the  axis  of  a 
metallic  wire  helix.  Beth  ends  of 
the  helix  terminate  in  antennas 
that  couple  to  the  external  wave¬ 
guide  circuit.  The  wave  from  the 
waveguide  is  picked  up  at  the  end 
of  the  helix  at  which  the  electron 
beam  enters,  travels  down  the  helix 
absorbing  energy  from  the  electron 
beam  as  it  does  so,  and  is  reradi¬ 


ated  at  increased  strength  from  the 
antenna  at  the  other  end  of  the 
helix. 

The  tube  is  now  undergoing  ex¬ 
tensive  tests  at  the  Bell  Telephone 
Laboratories  to  determine  its  op¬ 
erating  characteristics  and  the  cir¬ 
cuits  in  which  it  is  most  useful. 

Coupling  Circuit 

Whereas  other  forms  of  micro- 
wave  tubes  such  as  the  klystron  and 
magnetron  depend  on  resonant  cav¬ 
ities  for  coupling  between  the  elec¬ 
tron  stream  and  the  electromag¬ 
netic  circuit,  the  traveling-wave 
tube  obtains  the  coupling  by  means 
of  nonresonant  line.  Resonant  cir¬ 
cuits  are  used  to  obtain  a  high 
field  strength  and  hence  efficient 
coupling.  However,  in  tubes  using 
resonant  circuits,  the  coupling  is 


confined  to  a  relatively  small  region. 
By  extending  the  region  over  which 
the  electrons  deliver  their  energy 
to  the  field,  which  is  done  in  the 
traveling-wave  tube  by  using  a  non¬ 
resonant  transmission  line  instead 
of  a  short  gap  in  a  cavity,  efficient 
coupling  is  obtained  despite  the 
necessarily  weaker  field  of  the  non¬ 
resonant  circuit.  In  this  manner  it 
is  possible  to  obtain  a  very  wide¬ 
band  amplifier  for  the  microwaves. 

Wave  energy  is  coupled  into  the 
helix  by  an  antenna.  As  shown  in 
Fig.  1,  the  tube  is  mounted  so  that 
it  projects  through  the  terminating 
cavities  of  a  waveguide  transmis¬ 
sion  circuit,  which  in  turn  couples 
to  the  coaxial  or  radio  link.  There 
are  antennas  similar  to  electrostatic 
probes  extending  from  the  ends  of 
the  helix  into  the  waveguides. 
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2 — Pictorial  circuit  shows  how  helix  is  coupled  to  waveguide  at  input  and  Tube  provides  nonresonant  coupling  be- 

output  ends.  Guide  extension  along  helix  serves  only  as  electrostatic  shield  tween  electron  beam  and  traveling  wave 
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Characteristics  and  operating  principles  of  the  traveling- 
wave  tube  are  explained  in  nonmathematical  terms. 
The  tube,  designed  for  multichannel  microwave  relay 
systems,  provides  a  high  gain,  wideband  amplifier  for 
use  in  television  or  f-m  network  circuits 


Amplification 


Gain  is  a  function  of  the  relative 
velocity  between  electron  beam  and 
traveling  wave.  Beam  velocity  is 
readily  controlled  by  the  accelerat¬ 
ing  potential  in  the  electron  gun. 
Tube  gain  rises  as  the  initial  beam 
velocity  increases,  passing  through 
a  maximum  at  a  velocity  slightly 
greater  than  that  of  the  traveling 
wave,  and  falling  off  at  higher  ve¬ 
locities.  The  gain  also  increases 
with  the  number  of  electrons  in  the 
beam,  which  can  readily  be  con¬ 
trolled  by  regulating  the  current 


that  of  the  axial  velocity  of  the 
traveling  wave.  Although  the  elec¬ 
tromagnetic  wave  travels  along  the 
wire  of  the  helix  at  a  velocity  very 
near  that  of  light,  its  axial  velocity 
is  less,  depending  on  the  pitch  and 
radius  of  the  helix  (V^  =  r/2um; 
where  is  axial  velocity,  v  is  wave 
velocity  along  the  wire,  r  is  the  helix 
radius,  and  n  is  the  turns  per  inch 
of  the  helix). 


The  antenna  at  the  input  end  of 
the  tube  couples  to  the  receiving 
end  of  the  incoming  circuit;  the  an¬ 
tenna  at  the  output  end  of  the  tube 
couples  to  the  transmitting  end  of 
the  outgoing  circuit.  The  electro¬ 
magnetic  wave  traveling  down  the 
waveguide  circuit  is  picked  up  by 
the  input  antenna  of  the  tube,  trav¬ 
els  down  the  helix,  and  is  reradi¬ 
ated  into  the  circuit  by  the  antenna 
at  the  other  end  of  the  helix.  These 
antennas  must  have  sufficiently 
high  Q  to  efficiently  transfer  the 
wave  energy,  but  must  be  suffi¬ 
ciently  broad  in  their  tuning  to 
transmit  the  wide  band  for  which 
the  tube  is  to  be  used.  These  two 
requirements  are  mutually  exclu¬ 
sive,  so  a  compromise  design  must 
be  made. 

The  electron  beam  that  leaves  at 
the  output  end  of  the  tube  is  re¬ 
turned  to  the  conductive  circuit  by 
a  collecting  anode  as  shown  in  Fig. 
2.  The  velocity  of  the  electrons  is 
adjusted  to  be  slightly  greater  than 
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from  the  cathode  of  the  electron 
gun.  Near  the  optimum  velocity 
there  is  a  self-regulating  action  of 
the  electron  beam  on  the  wave  ve¬ 
locity  to  maintain  the  proper  rela¬ 
tion  between  wave  and  electron  ve¬ 
locities. 

Because  gain  depends  on  velocity 
and  density  of  the  electron  beam, 
operating  potentials  of  the  electron 
gun  must  be  stabilized,  or,  if  de¬ 
sired,  variable  losses  over  the  mi¬ 
crowave  circuit  can  be  compensated 
by  an  automatic  volume  control  cir¬ 
cuit  operating  on  the  electron  gun 
potentials. 

Gain  also  depends  on  the  number 
of  wavelengths  along  the  axis  of  the 
helix,  and  is  about  a  decibel  per 
wavelength.  Thus  as  the  frequency 
is  decreased,  thereby  reducing  the 
number  of  wavelengths  along  the 
helix,  the  gain  falls  off.  Amplifica¬ 
tion  in  the  tube,  as  will  shortly  be 
explained  in  more  detail,  depends 
on  the  interaction  between  the  beam 
electrons  and  the  electric  field  es¬ 
tablished  by  the  wave  on  the  helix. 
As  the  frequency  is  increased,  this 
wave  field  concentrates  closer  to  the 
wire  of  the  helix  so  that  at  high  fre¬ 
quencies  the  field  strength  along 
the  axis  of  the  helix  is  weak  and  the 
gain  is  low.  Thus  there  are  inher¬ 
ent  upper  and  lower  limits  of  fre¬ 
quency  for  which  a  given  tube 
amplifies.  These  limits  lie  far  be¬ 
yond  those  set  by  the  antenna 
coupling  problem  mentioned  before. 
Except  for  mechanical  limitations, 
there  is  no  reason  why  the  tube 
could  not  be  scaled  to  function  at 
any  desired  region  in  the  spectrum. 

There  are  about  forty  wave¬ 
lengths  along  the  helix  at  the  design 
center  frequency.  The  transmis¬ 
sion  loss  along  the  helix  when  the 
tube  is  cold  is,  in  one  experimental 
model,  SO  db.  When  the  tube  is 
hot,  it  provides  a  gain  of  20  db; 
however,  a  wave  traveling  the  helix 
in  opposition  to  the  electron  stream 
still  suffers  a  30  db  attenuation. 

That  the  tube  transmission  loss 
is  more  than  its  gain  is  desirable  in 
that  there  will  be  no  instability  or 
tendency  toward  oscillation  in  case 
of  impedance  mismatch  in  the  ex¬ 
ternal  circuit.  If  there  should  be  a 
wave  reflection  caused  by  an  im¬ 
pedance  mismatch  at  the  output  of 
the  tube,  standing  waves  would  ap¬ 
pear  along  the  helix  lowering  the 


efficiency.  The  high  attenuation  of 
the  helix  tends  to  reduce  the  stand¬ 
ing-wave  ratio  should  standing 
waves  be  present.  However,  proper 
terminations  are  essential  for  ef¬ 
ficient  operation. 

Electron-Wave  Interaction 

Amplification  depends  on  the  in¬ 
terchange  of  energy  between  the 


FIG.  3 — Field  diagram  shows  orientation  of 
electric  and  magnetic  lines  oi  flux  in  rela¬ 
tion  to  helix  and  electron  beam.  Coupling 
is  only  through  electric  field 

electromagnetic  field  established 
along  the  axis  of  the  helical  coil  and 
the  electron  beam  traveling  axially 
down  the  helix.  Figure  3  shows 
representative  lines  of  electric  and 
magnetic  flux  of  the  traveling  wave. 
These  flux  lines  move  with  the  elec¬ 
trons  down  the  tube.  Both  electric 
and  magnetic  flux  are  parallel  to 
the  path  of  the  electrons  at  the 
core  of  the  helix.  Thus  there  is  in¬ 
teraction  only  between  the  electrons 
and  the  electric  component  of  the 
field.  (Magnetic  flux  acts  only  on 
the  component  of  an  electron’s  ve¬ 
locity  that  is  perpendicular  to  that 
flux.) 

The  first  function  of  the  field  is 
to  bunch  the  electrons.  Electrons 
entering  the  traveling-wave  field  at 
a  region  of  positive  potential  grad¬ 
ient  are  accelerated;  those  entering 
at  a  region  of  negative  potential 
gradient  are  decelerated.  Because 
the  entering  velocity  of  the  elec¬ 
trons  is  slightly  faster  than  that  of 
the  traveling  wave,  the  electrons 
are  moving  ahead,  relatively,  into 
the  wave.  (It  is  as  if  the  wave 
were  standing  still  and  the  electrons 
were  moving  slowly  along  it.)  The 
result  is  that  electrons  entering  the 
wave  at  a  region  of  accelerating 
field  pass  quickly  on  into  a  region 


of  decelerating  field  where  they  re- 
main  for  a  comparatively  long  time. 
Electrons  entering  the  wave  at  a 
decelerating  field  region  remain  in 
that  region  for  a  long  time.  The 
result  is  that  most  electrons  are  in 
regions  of  decelerating  field  most 
of  the  time.  Thus  more  electrons 
are  being  decelerated  at  any  instant 
than  are  being  accelerated.  As  a  I 
consequence  there  is  an  over-all 
absorption  of  energy  from  the  elec¬ 
tron  beam  by  the  wave  field.  Mo¬ 
mentum  of  the  electrons  is  trans¬ 
formed  into  field  energy  in  the 
wave. 

That  the  electrons  enter  the  wave 
field  at  a  critical  velocity  slightly 
greater  than  the  axial  velocity  of 
the  wave  is  essential  to  transfer  of 
energy.  Were  the  electrons  to  tra-  ' 
vel  at  the  velocity  of  the  traveling 
wave,  they  would  reach  their  great¬ 
est  bunching  in  a  field  of  zero  po¬ 
tential  gradient,  but  because  the 
beam  enters  the  traveling  wave  at 
a  slightly  higher  velocity,  the  elec¬ 
trons  concentrate  within  the  de¬ 
celerating  field  where  their  kinetic 
energy’  can  be  transformed  into 
electric  energy.  The  variation  of 
amplification  with  change  in  initial 
beam  velocity  is  caused  by  the 
bunch  forming  more  or  less  within 
the  region  of  greatest  negative  po¬ 
tential  gradient.  Because  of  the 
dual  action  of  the  beam  as  bunch¬ 
ing  agent  and  energy  absorbing 
medium,  neither  the  condition  for 
optimum  bunching  nor  for  opti¬ 
mum  energy  absorption  can  be  real¬ 
ized.  Rather,  the  condition  that 
combines  these  functions  in  the 
proportions  to  give  greatest  amplifi¬ 
cation  must  be  established. 

During  the  war,  R.  Kompfner 
and  others  in  the  Clarendon  Lab¬ 
oratory  at  Oxford  showed  that  am¬ 
plification  was  possible  with  a  de¬ 
vice  consisting  of  an  electron 
stream  and  a  helix.  J.  R.  Pierce 
and  L.  M.  Field  at  the  Bell  Tele¬ 
phone  Laboratories  have  success¬ 
fully  produced  such  an  amplifier 
with  the  astonishingly  high  gain 
and  broad  band  just  described. 

Practical  significance  of  the  tube 
can  be  appreciated  by  the  fact  that 
it  provides  more  gain  over  a  wider 
band  than  any  other  tube.  It  could 
handle  10,000  telephone  conversa¬ 
tions  or  several  dozen  television 
programs  simultaneously. — F.  R. 
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Fandamental  Unit 


Each  basic  unit  consists  uf  a 
modified  Hartley  oscillator,,  as 
shown  in  Fig.  1.  The  equipment 
[Contained  within  the  dotted  line  is 
in  the  cabinet  of  the  oscillator.  The 
radio-frequency  output  trans¬ 
former  may  be  at  some  distance 
from  the  oscillator. 

The  tank  circuit  within  the  cabi¬ 
net  consists  of  the  tank  capacitor 
and  an  inductor.  The  inductor,  in 
[Conjunction  with  a  grid  coil,  pro- 
jvides  adjustable  feedback.  The 
balance  of  the  tank  inductance  is  in 


capacitor 

GRID  ^ 

OSCILLATOR  CARAC^OR 
TUBE  rfIK, 


R-F 

transformer 


oscillator  ^0  coil. 

^  CASE  RESISTOR 

FIG.  1 — Basic  oscillator  circuit,  showing 
A®  variably  coupled  plate  and  grid  coils, 
•he  r-f  transiormer  is  actually  a  port  ol  the 
osciiiaior  ciradt  but  is  located  near  the 
work 


Side  view  of  two  heaters  connected  by  a  coaxial  line  to  give  double  the  power  of  a 
single  unit  in  the  common  work  coil.  The  two  r-i  transformers  that  feed  the  work 
coil  rest  on  the  table  at  the  right 


the  primary  of  the  radio-frequency 
output  transformer.  The  work  coil 
is  connected  to  the  secondary  of 
this  transformer  and  can  be  of  sin¬ 
gle-  or  multiple-turn  construction. 

The  basic  oscillator  has  an  out¬ 
put  of  twenty  or  more  kilowatts, 
depending  upon  the  power  supply. 


The  power  supply  may  be  either 
single  phase,  full  wave,  unfiltered, 
or  three  phase,  full  wave,  unfiltered. 
In  the  single-phase  power  supply, 
the  plate  transformer  feeds  four 
mercury-vapor  rectifier  tubes  con¬ 
nected  as  a  bridge  rectifier.  The 
output  is  pulsating  direct  current 
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IN  THE  PRODUCTION  of  high-fre- 
quency  power  for  induction  heat¬ 
ing,  it  has  been  found  advantageous 
to  use  multiple  unit  oscillators  for 
the  production  of  powers  beyond 
the  capabilities  of  a  single  unit. 

The  problem  involves  the  inter¬ 
connection  of  two  independent 
high-frequency  oscillators  in  a  man¬ 
ner  such  that  the  output  frequency 
of  the  two  units  is  exactly  the  same 
and  so  that  the  tank  circuits  are 
locked  in  step.  In  addition,  the 
total  load  must  be  shared  equally 
by  the  two  power  supplies,  and  the 
load  on  the  power  line  must  be 
balanced. 


Multiple  eonnection  of  identical  units,  for  either  two- 
phase  or  three-phase  input,  can  he  readily  effected 
to  provide  twice  the  power  of  either  unit  operating  alone 
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Duplex  Operation  of 

INDUCTION  HEATERS 


at  an  average  value  of  i),000  volts. 
In  this  case,  the  power  supply  is 
capable  of  delivering  40  kilowatts  of 
unfiltered  power  to  the  oscillator 
section. 

The  three-phase  power  supply 
consists  of  a  single  three-phase 
transformer  feeding  a  six-tube 
mercury-vapor  full  wave  rectifier. 
The  output  of  the  rectifier  is  12,500 
volts  with  a  5  percent  ripple.  The 
power  supply  is  capable  of  deliver¬ 
ing  50  kilowatts  of  unfiltered  d-c 
power. 

Synchronizing  Tank  Circnits 

in  order  to  connect  two  oscilla¬ 
tors  together  and  to  feed  their  out¬ 


put  into  a  common  work  coil  it  is 
necessary  to  solve  several  problems. 
First,  it  is  essential  that  the  two 
separate  tank  circuits  of  the  oscil¬ 
lators  operate  in  synchronism; 
second,  it  is  necessary  that  the  two 
oscillators  deliver  equal  power 
output;  third,  the  total  power  out¬ 
put  must  equal  twice  the  rated 
output  of  each  oscillator. 

The  first  requirement  is  accom¬ 
plished  rather  simply.  The  two 
tank  circuits  are  connected  in  se¬ 
ries,  using  two  r-f  transformers. 
This  connection  is  shown  in  Fig.  2 
and  the  photograph.  The  circulat¬ 
ing  tank  current  will  be  the  same 
in  all  parts  of  the  circuit.  The  two 
tank  capacitors  are  in  Series ;  there¬ 
fore,  the  resulting  total  tank  capaci¬ 


tance  is  one-half  that  of  a  single 
unit.  The  tank  coils  and  r-f  trans¬ 
former  primaries  are  connected  in 
series.  Therefore,  the  total  tank 
inductance  is  twice  that  of  a  single 
unit.  Hence,  with  one  half  the 
capacitance  and  twice  the  induc¬ 
tance,  from  the  usual  resonant 
circuit  frequency  formula  /  =  1/ 
(2%  \/LC)  it  is  seen  that  the  fre¬ 
quency  remains  the  same  and,  since 
we  now  have  a  tank  circuit  common 
to  the  two  oscillators  with  the  same 
tank  current,  the  two  must  of 
necessity  be  in  synchronism.  The 
only  difference  between  this  setup 
and  the  conventional  circuit  is  that 
the  tank  circuit  is  fed  at  two  points 


instead  of  the  usual  single  point. 
Each  oscillator  receives  grid  drive 
from  its  own  grid  coupling  coil  and, 
since  both  coupling  coils  are  electro¬ 
magnet  ically  coupled  to  a  common 
tank  circuit,  the  grids  are  driven  in 
the  proper  relationship  to  each 
other. 

By  connecting  the  tank  circuits 
in  series  a  new  tank  circuit  results, 
with  two  radio-frequency  output 
transformers  the  secondaries  of 
which  are  connected  in  series  and 
grounded  at  the  junction.  The  work 
coil  is  fed  by  the  two  transformer 
secondaries. 

Low  Reactance  Tie 

The  connection  of  the  two  tank 
circuits  in  series  involves  only  one 


problem.  It  will  be  noted  that  two 
separate  ground  connections  are  re¬ 
quired  since  the  oscillators  must 
remain  as  originally  wired  to  oper¬ 
ate  separately.  The  common  ground 
bond  between  the  two  units  in  se¬ 
ries  will  carry  full  tank  current, 
amounting  in  some  cases  to  several 
hundred  amperes.  If  the  bond  has 
appreciable  reactance,  dangerously 
high  potentials  may  exist  between 
ground  and  the  frames  of  the 
oscillators.  There  may  also  be 
radio-frequency  voltage  between 
the  cores  of  the  relays  and  their 
coils  that  will  break  down  insula¬ 
tion.  Additional  ground  ties  are 
made  between  the  frames  and  the 
oscillators  as  shown  in  the  photo¬ 
graph. 

It  was  found  necessary  to 
reduce  reactance  of  the  intercon¬ 
nection  by  means  of  the  coaxial  line 
illustrated.  Without  the  coaxial 
tie  between  the  two  oscillators,  the 
voltage  difference  might  be  of  the 
order  of  magnitude  of  one  or  two 
hundred  volts,  whereas  with  the 
coaxial  connection  and  frame 
ground  ties  the  difference  between 
the  two  is  reduced  to  a  value  of 
approximately  fifteen  volts,  whicb 
is  of  no  consequence. 

Use  of  Multiphase  Power  Lines 

If  three-phase  power  supplies  art 
used  having  an  output  ripple  of 
only  five  percent  no  difficulty  is 
encountered  in  loading  the  oscilla¬ 
tors  to  twice  the  rated  output.  The 
energy  drawn  from  the  power  lines 
is  balanced  on  the  three-phase  lines 
inherently.  In  many  cases,  however, 
only  single-phase  power  supply 
units  are  available. 

If  both  oscillator  power  supplies 
are  connected  to  the  same  phase  of 
a  three-phase  system,  operation 
will  be  satisfactory  in  that  the 
power  output  will  be  twice  the  rated 
output  of  one  unit.  The  power 
supply  wave  shapes  and  resulting 
tank  current  envelope  are  shown  at 
the  left  of  Fig.  3.  However,  there 
may  be  a  serious  disadvantage  inso¬ 
far  as  the  power  lines  are  con¬ 
cerned.  If  a  three-phase  line  is 
used,  one  of  the  phases  has  a  very 
large  load  and  the  other  two  are 
unloaded,  with  a  resultant  bad  un¬ 
balance.  It  may'  therefore  be  de¬ 
sirable  to  put  one  oscillator  on  one 
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FIG.  2 — Two  oscillator  r-f  transformers  and  work  coils  con  be  wired  in  series  for 
double  power.  A  coaxial  connection  is  necessary,  besides  other  groimd  bonds,  to 
maintain  o  low  reactance  between  units  and  groimd 
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phase  and  the  other  oscillator  on 
another  phase,  leaving  a  phase  of 
the  three-phase  system  unloaded. 
Under  these  conditions  the  power 
line  will  be  more  nearly  balanced, 
but  it  will  not  be  possibe  to  obtain 
twice  the  rated  output  from  the 
oscillators  because  the  oscillator 
tubes  are  receiving  grid  voltage 
that  is  induced  by  the  tank  current, 
and  are  operating  on  a  plate  voltage 
that  is  independent  of  the  tank 
circuit.  Since  the  tank  circulating- 
current  envelope  is  the  result  of  two 
power  supplies  feeding  a  common 
tank  circuit,  it  will  not  coincide 
with  the  wave  shape  of  the  voltage 
from  each  of  the  individual  power 
supplies. 

When  one  oscillator  is  on  each  of 
two  phases  of  a  three-phase  line, 
the  wave  shape  of  the  d-c  output 
from  each  of  the  power  supplies 
will  be  120  degrees  out  of  phase,  as 
shown  at  the  center  of  Fig.  3.  The 
resulting  tank  current  envelope  is 
not  symmetrical  with  respect  to 
the  plate  voltage  wave  shapes,  caus¬ 
ing  grid  voltages  that  do  not  co¬ 
incide  with  the  individual  plate 
voltage  wave  shapes  to  be  fed  to  the 
individual  oscillators.  Also,  due 
to  the  fact  that  the  two  power-sup¬ 
ply  w’aves  are  not  symmetrical  with 
respect  to  each  other,  it  is  only 
possible  to  obtain  a  little  over  1.5 


times  the  rated  output  of  both 
oscillators.  In  addition,  the  three- 
phase  power  line  supplying  the  two 
oscillators  is  out  of  balance. 

These  two  problems  in  operation 
on  three-phase  power  lines  can  be 
corrected  in  two  steps.  First,  the 
two  high-voltage  outputs  of  the 
power  supplies  are  connected  to¬ 
gether.  This  connection  is  called  a 
B-plus  tie,  and  is  made  with  a 
short  piece  of  high-voltage,  single¬ 
conductor  armored  cable.  When 
the  two  power  supplies  are  con¬ 
nected  together  both  oscillators  re¬ 
ceive  identical  plate  supply  voltage 
wave  shapes,  thus  causing  the  grid- 
voltage  envelope  to  simulate  the 
shape  of  the  power-supply  wave.  As 
the  second  step,  a  Scott  trans¬ 
former  bank  is  installed  between 
the  three-phase  power  line  and  the 
two  single-phase  power  supplies. 
Thus,  the  three-phase  line  is  con¬ 
verted  to  two-phase.  As  a  result, 
instead  of  being  120  degrees  out  of 
phase  with  respect  to  each  other, 
the  power-supply  wave  shapes  are 
now  90  degrees  out  of  phase  with 
respect  to  each  other,  a  symmetrical 
condition.  These  steps  result  in 
equal  sharing  of  load  by  the  two 
power  supplies  and  an  improved 
tank-current  envelope  shown  at  the 
right  in  Fig.  3.  The  output  of  the 
two  oscillators  is  now  equal  to  twice 


FIG.  3 — Woreforms  encountered  in  the  output  envelope  when  the  heating  units  are 
connected  in  various  ways  to  power  lines.  Double  power  can  not  be  obtained  Irom 


FIG.  4 — Single-phase  type  units  can  be 
connected  to  a  three-phase  line  through  a 
Scott  transformer.  When  the  outputs  of  the 
power  supplies  are  paralleled,  the  heating 
units  give  optimum  power  and  the  power 
line  is  also  balanced 

the  rated  output  of  one.  The  power 
supplied  to  the  duplex  unit  is  also 
balanced  on  the  three-phase  line. 

The  connections  for  this  setup 
are  shown  in  Fig.  4.  On  the  left  is 
shown  the  transformer  bank,  con¬ 
sisting  of  main  and  teaser  trans¬ 
formers  with  a  three-phase  power 
input  connection  and  a  two-phase 
power-output  connection,  one  phase 
of  which  goes  to  power  supply  A 
and  the  other  phase  to  power  sup¬ 
ply  B.  The  high-voltage  outputs  of 
power-supply  A  and  B  are  con¬ 
nected  together,  as  shown,  with  the 
B-plus  tie.  From  here  they  feed 
the  two  oscillators  with  a  duplicate 
wave  shape. 

Balancing  the  Oscillator  Loads 

The  sharing  of  load  between  the 
two  oscillators  can  be  controlled  in 
two  ways.  First,  an  adjustment  of 
filament  voltage  to  the  bright  tung¬ 
sten  filament  tubes  used  will  cause 
one  oscillator  to  deliver  more  or 
less  power,  so  that  the  load  between 
oscillators  can  be  balanced.  As  an 
alternative,  small  adjustable  resis¬ 
tors  installed  in  series  with  the 
grid-bias  resistors  can  be  used  to 
increase  grid  bias  slightly  on  the 
tube  assuming  the  greater  load. 
Once  made,  neither  of  the  above  ad¬ 
justments  need  be  changed  until 
there  is  a  replacement  of  oscillator 
tubes.  Generally  speaking,  it  has 
been  found  unnecessary  .to  make 
any  adjustment  in  the  individual 
oscillators  in  order  to  realize  rea¬ 
sonably  equal  load  sharing. 

In  actual  practice,  installations 
have  been  made  in  which  the  change 
from  single  units  to  duplex  is  made 
by  switching,  and  in  which  the  time 
for  change  is  less  than  a  minute. 
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DESIGN  OF  F-M 
SIGNAL  GENERATOR 


Requirements  of  a  reactance  modulator  for  producing  constant  deviation  of  a  variable 
oscillator  are  developed.  Design  data  is  given  for  an  f-m  signal  generator  covering  54 
to  216  megacycles.  Operation  from  100  kilocycles  to  25  megacycles  is  provided 
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IN  the  design  of  a  frequency- 
modulation  signal  generator, 
the  choice  of  the  general  type  of 
circuit  is  considerably  affected  by 
the  problem  of  modulation  calibra¬ 
tion.  The  usual  reactance-modula¬ 
tor  circuits  produce  deviations  of 
the  oscillator  frequency  which  vary 
with  the  oscillator  frequency.  Since 
it  is  necessary  to  permanently  cali¬ 
brate  the  deviation  obtained  from 
the  instrument,  some  means  must 
be  employed  to  maintain  a  constant 
modulator  sensitivity  over  the  fre¬ 
quency  range.  Two  systems  are 
available  for  accomplishing  this 
purpose :  the  heterodyne  system  and 
the  constant-deviation  variable- 
oscillator  system. 

Heterodyne  System 

The  basic  operating  principle  of 
the  heterodyne  system  is  indicated 
in  the  block  diagram  of  Fig.  1, 
which  is  reproduced  from  a  paper' 
by  A.  W.  Barber,  C.  J.  Franks,  and 
0.  W.  Richardson.  In  this  system, 
frequency  modulation  of  the  fixed 
oscillator  is  controlled  by  variation 
of  the  modulating  voltage  applied 
to  the  reactance  tube  by  means  of 
a  deviation  control  potentiometer. 
When  the  desired  deviation  has 
been  chosen,  this  is  necessarily  held 
constant  regardless  of  the  output 
frequency,  since  it  is  the  fixed 
oscillator  that  is  modulated,  and 
its  frequency  deviations  are  trans- 
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ferred  unaltered  to  both  the  sum 
and  difference  frequencies  which 
are  generated  in  the  mixer  stage. 
The  desired  sum  or  difference  fre¬ 
quency  is  amplified  to  obtain  the 
required  output  voltage. 

It  is  possible  to  gang  the  devia¬ 
tion  control  potentiometer  to  the 
variable  tuning  element  of  the 
variable  oscillator  to  produce  a  con¬ 
stant  deviation  of  the  variable 
oscillator  and  to  heterodyne  this 
with  an  unmodulated  fixed  oscilla¬ 
tor;  however,  modulation  of  the 
fixed  oscillator  is  obviously  prefer¬ 
able. 

Although  the  many  desirable 
features  of  the  heterodyne  system 
made  it  convenient  for  the  original 
f-m  broadcast  band  (42-50  me),  it 
is  not  well  suited  for  a  generator 
covering  a  large  part  of  the  vhf 
region.  In  addition  to  the  desired 
sum  or  difference  frequencies,  the 


mixer  output  contains  the  har¬ 
monics  of  the  two  oscillators  and 
the  sum  and  difference  frequencies 
of  the  various  harmonics.  These 
spurious  frequencies  are  not 
harmonically  related  to  the  desired 
output  frequency  and,  in  fact, 
sometimes  coincide  with  it*.  To 
keep  the  output  signal  reasonably 
free  from  spurious  signals  over  a 
wide  frequency  range,  it  is  neces¬ 
sary  to  use  the  difference  frequency 
and  operate  the  oscillators  at  fre¬ 
quencies  so  high  that  frequency 
stability  would  be  a  major  problem. 

If  sufficient  oscillator  stability 
could  be  attained,  there  would  re¬ 
main  the  problem  of  amplifyinK 
the  desired  signal  in  the  mixer  out¬ 
put.  In  the  vhf  region,  this  would 
require  a  tuned  r-f  amplifier.  The 
problem  of  ganging  the  variable 
oscillator  with  an  amplifier  operat¬ 
ing  at  the  difference  frequency  is 


FIG.  1.  Essential  stages  of  f-m  signal  generertor  employing  the  heterodyne  syste.'n 
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Front  and  rear  riews  oi  the  signal  generator.  Frequency  deTiation  and  percent  oi  amplitude  modulation  are  controlled  by  two  potenti¬ 
ometers  below  the  modulation  meter  switch.  On  the  tuning  dial,  the  vernier  scale  changes  the  frequency  by  about  26  kc  on  the  low* 


^  frequency  range  and  52  kc  on  the  high  range.  Choice  oi  modulating  frequency  is  provided  by  the  dial  at  lower  left  and  output 
I  from  0.0000001  to  0.2  volt  is  controlled  by  the  attenuator  dial  at  lower  right 


i 


not  very  inviting  since  the  rate  of 
change  of  the  output  frequency  is 
considerably  different  from  the  rate 
of  change  of  the  variable-oscillator 
frequency. 

Conttont-Deviation  Variable-Oscillator 
System 

If  a  constant-deviation  modu¬ 
lation  system  is  utilized,  the  signal 
generator  does  not  require  the  step 
of  heterodyning  with  its  attendant 
spurious  responses.  Either  an 
oscillator  operating  directly  at  the 
output  frequency  or  a  master- 
oscillator-multiplier  arrangement 
may  be  used.  Such  arrangements 
confine  the  spurious  responses  to 
harmonics  or  subharmonics  which 
are  inherently  low  in  output  and 
are  simply  related  to  the  output 
frequency  so  that  they  may  be 
readily  identified. 

The  constant-deviation  system 
gives  a  greater  output  per  tube 
used  in  the  signal  generator.  With 
the  elimination  of  the  heterodyne 
step,  only  a  single  oscillator  is  re¬ 
quired.  Also,  the  efficiency  of 
amplifiers  or  multipliers  is  consid- 
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erably  greater  than  that  of  a  fre¬ 
quency  converter. 

In  reactance-tube  frequency  mod¬ 
ulation,  there  are  two  general 
types  of  reactance  tubes  employed. 
One  type  appears  as  a  controllable 
inductance  and  the  other  as  a  con¬ 
trollable  capacitance.  The  equiva¬ 
lent  inductance  or  capacitance  pro¬ 
duced  by  the  usual  reactance  tube 
with  a  two-element  phase  shifter 
results  in  an  equivalent  inductance 
or  capacitance  which  is  independent 
of  frequency*.  The  reactance  tube 
is  placed  in  parallel  with  the  tuned 
circuit  to  be  modulated  so  that  the 
inductive  type  may  be  considered 
as  adding  a  controllable  inductance 
in  parallel  with  that  of  the  tuned 
circuit  while  the  capacitive  type 
adds  a  controllable  capacitance  in 
parallel  with  the  tuned-circuit 
capacitance. 

For  the  inductive  type  of  re¬ 
actance  tube,  the  resulting  total 
tuned-circuit  inductance  is  that  of 
the  tuned  circuit  and  the  reactance 
tube  in  parallel  or 

L,  =  LJ./iL.  +  L)  =  L/(l  -h  L/L,)  (i) 


where  L  is  the  fixed  inductance  of 
the  tuned  circuit  and  L.  is  the  effec¬ 
tive  inductance  of  the  reactance 
tube. 

When  Eq.  1  is  inserted  in 
the  expression  for  the  resonant  fre¬ 
quency  of  the  tuned  circuit,  the 
frequency  is  giv^n  by 


f=\/[2l^^lLC/il+L/L,)]  = 
Ml  + 


(2) 


in  which  C  is  the  fixed  capacitance 
of  the  tuned  circuit  and  /,  = 
1/(2  t:  \JLC).  The  quantity 
L/L,  is  normally  small  in  compari¬ 
son  to  unity,  so  that  Eq.  2  simplifies 
to 

/  =  //'+  L/2L,)  =/,-!-  SrL/2L,  (3) 
The  second  term  in  Eq.  3  is  the  fre¬ 
quency  deviation  which  results 
from  the  reactance-tube  modulation- 
It  is  seen  to  be  proportional  to  the 
resonant  frequency  /,  and  the  ratio 
L/L,  between  the  tuned-circuit  in¬ 
ductance  and  the  effective  in¬ 
ductance  of  the  reactance  tube. 

For  the  capacitive  type  of  re¬ 
actance  tube,  the  resulting  total 
tuned-circuit  capacitance  is  that  of 
the  tuned  circuit  and  the  reactance 
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FIG.  2.  Constant  deriotion  is  <^tained  by 
ganging  a  modulation  input  potentiometer 
with  the  tuning  copacitor 
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FIG.  3.  Method  of  obtaining  constant  deria- 
lion  by  ganging  on  element  of  the  phase 
shifter  with  the  tuning  capacitor 
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FIG.  4.  Fundamental  reactance-tube 
circuit 


tube  in  parallel.  The  frequency  is 
then  given  by 

/-i/(arVL(c  +  c,)i  = 

/,(!  +  (4) 

For  the  practical  case,  C,/C  is  small 
compared  to  unity,  so  that 

/  =  /r(l  -  C./2C)  =  /,  -  /,C./2C  (5) 

It  is  thus  seen  that  the  frequency 
deviation  produced  by  the  capaci¬ 
tive  type  of  reactance  tube  is  pro¬ 
portional  to  the  resonant  frequency 
f,*and  to  the  ratio  C,/C  of  equiva¬ 
lent  reactance-tube  capacitance  to 
tuned-circuit  capacitance. 

The  manner  in  which  the  fre¬ 
quency  deviation  varies  with  reso¬ 
nant  frequency  is  also  dependent 
upon  which  element  of  the  tuned 
circuit  is  varied.  If  the  tuned  cir¬ 
cuit  is  of  the  variable-capacitance, 
fixed-inductance  type,  and  the  re¬ 


actance  tube  is  of  the  inductive 
type,  the  frequency  deviation  may 
be  taken  from  Eq.  3  which  is 
/,L/2L,.  In  this  type  of  circuit,  L 
is  fixed  and  L.  is  independent  of 
frequency.  The  result  is  a  fixed  per¬ 
centage  variation  of  inductance 
which  produces  a  fixed  percentage 
frequency  variation.  The  frequency 
deviation  in  cycles  is  therefore  pro¬ 
portional  to  the  resonant  frequency. 

If  the  tuned  circuit  is  of  the  vari¬ 
able  -  capacitance  fixed  -  inductance 
type,  and  a  capacitive  reactance 
tube  is  used,  the  percentage  capaci¬ 
tance  variation  varies  with  fre¬ 
quency  as  the  tuning  capacitor  is 
varied.  That  is,  the  ratio  CjC  var¬ 
ies  with  frequency  since  C  is  varied. 
The  value  of  C  is  varied  in  accord¬ 
ance  with  the  formula  /,  =  1/(2* 
\/LC),  which  may  be  rewritten 

C  =  l/[L(2x/,)*]  (6) 

Substituting  Eq.  6  in  Eq.  6  gives 

/  =  /r  -  2-K^CMr*  (7) 

In  the  frequency  deviation  given  by 
the  second  term  in  Eq.  7,  the  quan¬ 
tities  C,  and  L  are  independent  of 
frequency  for  the  fixed-inductance 
type  of  tuned  circuit.  The  percent¬ 
age  frequency  deviation  is  thus  pro¬ 
portional  to  the  square  of  the  reso¬ 
nant  frequency.  The  deviation  in 
cycles  is  proportional  to  the  third 
power  of  the  resonant  frequency. 

If  the  tuned  circuit  is  of  the  vari¬ 
able-inductance  fixed  -  capacitance 
type  and  the  reactance  tube  is  in¬ 
ductive,  the  ratio  L/L,  varies  with 
frequency.  The  tuned  circuit  in¬ 
ductance  L  is  tuned  in  accordance 
with  fr  —  l/(2*Vf^),  which  may 
be  rearranged  to 

L  =  l/[C(2x/.)*]  (8) 

Substituting  Eq.  8  in  Eq.  3  gives 

/  =/r+l/f(2T)*L.CM  (9) 

The  values  of  L,  and  C  are  inde¬ 
pendent  of  frequency  for  this  com¬ 
bination  so  that  the  frequency  devi¬ 
ation  is  inversely  proportional  to 
the  resonant  frequency.  The  per¬ 
centage  frequency  deviation  is 
therefore  inversely  proportional  to 
the  square  of  the  frequency. 

When  the  fixed  element  of  the 
tuned  circuit  and  the  reactance 
tube  type  are  the  same  (both  ca¬ 
pacitive  or  both  inductive),  the 
deviation  sensitivity  is  proportional 
to  the  operational  frequency.  With 
fixed  C  in  the  tuned  circuit  and  an 


inductive  type  reactance  tube,  devi- 
ation  is  inversely  proportional  to 
frequency.  With  fixed  L  in  the  tuned 
circuit  and  a  capacitive  type  react¬ 
ance  tube,  the  deviation  is  directly 
proportional  to  the  third  power  of 
the  frequency. 

The  nearest  approach  to  con¬ 
stant-deviation  operation  that  may 
be  obtained  with  the  conventional 
reactance-tube  circuits  is  a  devia¬ 
tion  which  is  either  directly  or  in¬ 
versely  proportional  to  the  opera¬ 
tional  frequency.  Two  combina¬ 
tions  of  reactance  tube  and  tuning 
element  produce  deviations  propor¬ 
tional  to  frequency.  One  of  these  is 
obtained  by  the  familiar  variable- 
capacitance  tuned  circuit  in  com¬ 
bination  with  an  inductive  react¬ 
ance  tube,  and  the  other  is  obtained 
by  a  variable-inductance  (such  as  a 
permeability-tuned)  circuit  in  com¬ 
bination  with  a  capacitive  reactance 
tube.  When  either  one  of  these  com¬ 
binations  is  employed,  the  devia¬ 
tion  increases  with  frequency  so 
that  some  means  must  be  provided 
to  reduce  the  deviation  sensitivity 
as  the  frequency  is  increased. 


Correction  Methods 


Various  means  may  be  applied 
for  correcting  the  inherent  devia¬ 
tion  variation  with  frequency.  One 
method  is  to  gang  a  modulation  in¬ 
put  potentiometer  with  the  tuning 
dial  as  shown  in  Fig.  2.  Potentiom¬ 
eter  P  is  designed  to  have  a  resis¬ 
tance  taper  such  that,  when  ganged 
to  the  shaft  of  tuning  capacitor  C. 
the  modulation  sensitivity  is  main¬ 
tained  constant  as  the  frequency  is 
varied.  For  the  circuit  shown,  the 
potentiometer  reduces  the  modula¬ 
tion  input  as  the  frequency  is  in¬ 
creased. 

Figure  3  shows  how  the  modula¬ 
tion  sensitivity  may  be  maintained 
constant  by  ganging  an  element  of 
the  reactance-tube  phase  shifter  to 
the  shaft  of  the  tuning  dial.  For 
the  inductive-reactance  tube  and 
variable-capacitance  tuned  circuit 
shown,  phase-shifter  capacitor  (7i 
is  ganged  to  tuning-capacitor  C  in 
such  a  manner  that  C,  is  increased 
as  C  is  decreased.  This  increases 
the  phase-shifter  attenuation  as  the 
frequency  is  increased  so  that  the 
degree  of  modulation  produced  by 
the  reactance  tube  falls  off  with  fre¬ 
quency  sufficiently  to  produce  con- 
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slant  deviation.  A  particular  shap¬ 
ing  of  the  plates  of  C,  with  relation 
to  those  of  capacitor  C  is  required. 

In  the  circuit  of  Fig.  3,  the  at¬ 
tenuation'  of  the  phase-shifter  is 
mechanically  varied  to  produce  con¬ 
stant-deviation  operation.  It  is  also 
possible  to  arrange  constant-devia¬ 
tion  sensitivity  over  a  given  fre¬ 
quency  range  by  means  of  a  par¬ 
ticular  phase  -  shifting  network 
which  inherently  produces  the  re¬ 
quired  phase  shift  and  has  the  pro¬ 
per  attenuation  characteristic.  The 
requirements  of  such  a  network 
may  be  seen  from  the  following 
analysis. 

Eqaivalent  CIrcaiH 

In  the  reactance-tube  circuit  of 
Fig.  4,  the  plate  circuit  of  tube  T 
appears  as  a  reactance  by  virtue  of, 
the  reactive  current  it  draws  due  to 
the  phase-shifted  voltage  fed  from 
the  plate  to  the  grid.  The  imped¬ 
ance  looking  into  the  plate  circuit  is 
given  by 

Z.  =  £  «/«*/»,  (10) 

If  the  input  impedance  of  the 
phase-shifter  is  assumed  to  be  neg¬ 
ligibly  high,  the  current  i,  is 

ip  =  e/rm  (11) 

in  which  G„  is  the  transconductance 
of  tube  T.  The  grid  voltage  e,  is 

eg  =  BE  (12) 

in  which  B  is  the  attenuation  of 
the  phase-shifter,  expressed  as  a 
fraction  less  than  unity,  and  is 
the  phase  shift  produced  by  the 
phase-shifter.  Substituting  Eq.  12 
in  Eq.  11,  then  substituting  the  re¬ 
sulting  plate  current  in  Eq.  10  gives 


z,  *  E  ei^*IG^BE 

-  e-i*/BGn, 

(13) 

Z,  "  (C08<^  —  jsaJX<f>)/BOm 

**  R$  •hjX, 

(14) 

in  which 

=»  COBtt>/BGm 

(16) 

and 

(16) 

\ii  Thus  the  impedance  looking  into 
^  the  plate  circuit  of  the  reactance 
V  tube  is  composed  of  a  series  com- 
f  bination  of  a  resistance  R,  and  a 
f  reactance  X,.  If  is  between  zero 

tand  +180  degrees  (leading)  the 
equivalent  reactance  is  negative 
and  therefore  represents  a  capaci¬ 
tance.  Likewise,  if  <f>  is  between 
*ero  and  —180  degrees  (lagging). 


the  equivalent  reactance  is  positive 
and  represents  an  inductance.  For 
the  practical  case  in  which  <f>  is 
close  to  ±90  degrees,  the  resistive 
component  may  be  neglected  and  the 
reactance  becomes 

\X,\  =  1/BG^  (17) 

In  the  case  of  the  inductive  type  of 
reactance  tube,  the  equivalent  in¬ 
ductance  is 

L.  =  X,/o>  =  \/uBG„  (18) 

When  the  equivalent  inductance  of 
Eq.  18  is  inserted  in  3,  the  fre¬ 
quency  is 

/  =  /r+/ra,LBG„/2 

=  /,  +  irLBGnJr*  (19) 

Thus,  with  a  fixed  phase-shifter  at¬ 
tenuation  B  and  tuning  inductance 
L,  frequency  deviation  is  propor¬ 
tional  to  the  square  of  the  resonant 
frequency  /,.  Hence,  by  using  an 
inductive  reactance  tube  with  a 
phase-shifter  attenuation  inversely 
proportional  to  the  square  of  the 
frequency,  constant-deviation  oper¬ 
ation  may  be  obtained  with  a  fixed- 
inductance,  variable  -  capacitance 
tuned  circuit. 

In  the  case  of  the  capacitive  re¬ 
actance  tube,  the  equivalent  capaci¬ 
tance  is 

C,  =  1/wX,  =  BGJui  (20) 

Inserting  C,  from  Eq.  20  in  Eq.  5 
gives 

/  =  /,  -  SrBGJ2i^C 

=  Sr-  BGJAirC  (21) 

The  deviation  term  —  BGm/4irC  in 
Eq.  21  shows  that  the  deviation  is 
independent  of  frequency  if  the 
phase-shifter  attenuation  B  and  the 
tuned  circuit  capacitance  C  are  also 
independent  of  frequency.  Hence, 
constant-deviation  operation  may 
be  obtained  by  the  use  of  a  fixed- 
capacitance,  variable  -  inductance 
tuned  circuit  and  a  capacitive-type 
reactance  tube  employing  a  phase- 
shifter  having'  an  attenuation 
independent  of  frequency. 

Figures  5  and  6  show  capaci¬ 
tance-tuned  circuits  and  inductive- 
reactance  tube  arrangements  which 
produce  constant  frequency  devia¬ 
tion  over  a  range  of  frequencies. 
The  resulting  phase-shifter  attenu¬ 
ations  have  the  general  shape  shown 
in  Fig.  7.  The  attenuation  is  such 
that  the  phase-shifter  output  ampli¬ 
tude  is  inversely  proportional  to  the 
square  of  the  frequency  over  the 
tuning  range  (Bal//,*,  assuming 


constant  phase-shifter  input).  The 
normal  attenuation  produced  by 
conventional  two  -  element  phase- 
shifters  is  an  output  amplitude  in¬ 
versely  proportional  to  the  first 
power  of  the  frequency,  Bal//r.  In 
Fig.  5,  this  inverse  square-law 
characteristic  is  obtained  by  tuning 
LiCi  to  frequency  F,  in  Fig.  7. 
Tuned  circuit  operates  on  the 
capacitive  side  of  resonance  and 
therefore  appears  as  a  capacitance 
to  produce  an  inductive-reactance 
tube. 

In  Fig.  6,  the  bridged-T  network 
and  C,C*Cs  is  tuned  to  locate  its 
rejection  frequency  at  the  fre¬ 
quency  Fu  This  network  is  capable 
of  constant-deviation  operation  over 
a  frequency  range  of  about  two-to- 


FIG.  5.  Constont-deTiotion  reaclance-tube 
circuit.  Phcwe  shifter  R,  Ci,  and  In  pro¬ 
duces  an  attenuation  inTersely  propor¬ 
tional  to  the  squore  of  the  frequency  over 
the  tuning  range 


FIG.  6.  In  this  constant-deviation  network, 
the  required  inverse-square  attenuation  is 
obtained  by  the  bridged-T  phase-shifting 
network  fi,,  R,,  C„  ond 


FIG.  7.  Attenuation  fi  a  1/1,  produced  by 
conventional  two-element  inductive  reac¬ 
tance-tube  phase  shifter  and  attenuation 
B  a  l/t/  required  by  an  inductive  react¬ 
ance  tube  for  constant  deviation  of  a 
casacitance-tuned  circuit 


me,  while  the  network  of  Fig.  5  ous  amplitude  modulation  by  limit- 
lovers  a  range  of  about  1.5  to  one.  ing.  A  second  objection  is  that 
rhe  exact  magnitude  depends  upon  amplitude  modulation  of  the  class  C 
the  constancy  of  deviation  required,  stage  produces  a  considerable 

amount  of  spurious  frequency  mod- 
Desig*  ulation  of  the  oscillator.  Both  of 

A  frequency  coverage  of  two-to-  these  objections  can  be  removed  by 
one  can  be  obtained  by  coupling  an  adding  a  second  class-C  stage, 
attenuator  to  the  modulated  oscil-  The  design  which  proved  to  be 
lator.  This  system  is  not  suitable  most  satisfactory  is  shown  in 
for  a  wider  frequency  coverage  Fig.  8.  The  reactance-modulated  os- 
since  the  phase-shifting  network  cillator  operates  from  27  to  54 
and  the  oscillator  tank  coil  have  to  megacycles.  This  is  followed  by  a 
be  switched.  The  network  is  rather  doubler  stage  and  an  output  stage, 
critical  and  switching  of  this  cir-  The  output  stage  operates  either  as 
cuit  at  very  high  frequencies  would  an  amplifier  or  as  a  second  doubler 
probably  lead  to  trouble.  (quadrupler),  thus  providing  fre- 

A  design  which  permits  a  four-to-  quency  coverage  from  54  to  216 
one  frequency  coverage  without  megacycles.  This  design  provides 
switching  oscillator  and  modulator  the  maximum  of  stability  and  sim- 
circuits  is  obtained  by  following  the  plicity  since  the  oscillator  and  mod- 
oscillator  with  a  class-C  stage  whose  ulator  operate  at  a  relatively  low 

tank  coil  is  switched  to  operate  frequency  and  the  only  r-f  switch - 

either  as  an  amplifier  or  as  a  dou-  ing  required  is  to  switch  a  ground 
bier.  This  design  permits  the  oscil-  contact  on  the  output  coil, 
lator  and  modulator  to  operate  at  The  reactance  tube  uses  a 
half  the  frequency  of  the  high  out-  bridged-T  type  network  similar  to 
put-frequency  range.  At  lower  fre-  that  of  Fig.  6,  in  which  C,  and  C, 

quencies,  the  effects  of  stray  and  are  replaced  by  the  input  capaci- 

residual  reactances  are  not  as  trou-  tance  and  the  grid-to-plate  capaci- 
blesome  as  they  would  be  at  the  tance  of  the  reactance  tube.  Capac- 
higher  frequencies.  It  also  permits  itor  C,  is  made  variable  and  ganged 
amplitude  modulation  of  the  output  with  the  tuning  capacitor  to  provide 
stage.  the  precision  of  deviation  calibra- 

This  design  is  not  entirely  satis-  tion  required  in  a  signal  generator, 
factory  because  some  undesired  The  slotted  stator  of  C,  is  visible 
amplitude  modulation  is  produced  in  the  foreground  of  Fig.  9.  By 
during  frequency  modulation  of  the  bending  the  sections  of  the  stator, 
oscillator  and  the  oscillator  voltage  the  deviation  can  be  made  as  con- 
is  not  sufficient  to  permit  the  stant  as  desired  over  the  entire  fre- 
class-C  stage  to  remove  this  spuri-  quency  range.  Resistor  R,  is  by¬ 


passed  for  r-f  only  so  that  it  causes 
degeneration  at  modulation  fre. 
quencies  and  is  used  as  a  m  jdula. 
tion  sensitivity  control.  Resistor 
R,  controls  the  cathode  bias  by 
bleeding  current  through  the  cath¬ 
ode  resistor  and  is  used  to  adjust 
the  modulator  tube  to  its  most  linear 
operating  point.  Total  rms  distor¬ 
tion  of  less  than  one  percent  at 
75-kc  deviation  can  be  obtained 
with  a  modulating  signal  contain¬ 
ing  less  than  one-half  percent  dis 
tortion. 

Doabler  Trocks 

A  conventional  self-biased  class-C 
doubler  is  used.  This  stage  tracks 
with  the  oscillator  if  the  inductance 
of  the  tank  coil  is  made  one-fourth 
that  of  the  oscillator  tank  and  an 
identical  capacitor  section  is  em¬ 
ployed.  However,  a  higher  tank  cir¬ 
cuit  impedance  can  be  obtained  by 
decreasing  the  capacitance  and 
correspondingly  increasing  the  in¬ 
ductance.  The  requirements  for 
tracking  are  that  the  shape  of  the 
capacitor  plates  be  identical  and 
that  the  ratio  of  maximum  capaci- 
tor-and-circuit  capacitance  to  total 
minimum-capacitance  in  the  dou¬ 
bler  circuit  be  the  same  as  for  the 
oscillator  circuit. 

Amplitude  modulation  i.‘<  pro 
duced  by  modulating  the  screen  cir¬ 
cuit  of  the  output  stage.  Since  the 
power  required  is  small  and  com¬ 
parable  with  that  required  for  fre¬ 
quency  modulation,  a  simple  resis¬ 
tance-tuned  modulating  oscillator 
serves  for  either  amplitude  or  fre¬ 
quency  modulation.  Distortion  is 
less  than  3.5  percent  for  amplitude- 
modulation  depths  up  to  50  percent. 
Due  to  the  effective  buffer  action  of 
the  doubler  stage,  the  spurious  fre¬ 
quency  modulation  produced  durinp 
amplitude  modulation  is  small. 

Frequency  range  switching  is  ac¬ 
complished  by  providing  the  output 
tank  coil  with  two  contact  points, 
one  or  the  other  of  which  is 
grounded  by  spring-contact  fingers 
actuated  by  the  frequency  range 
switch.  This  method  avoids  most 
of  the  mechanical  and  electrical 
difficulties  of  coil  switching. 

In  the  output  tank  circuit,  a  high 
Q  was  desired  to  reduce  the  har¬ 
monically-related  spurious  output 
signals,  while  a  low  Q  was  desired 
to  reduce  the  amplitude  modulation 
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FIG.  8.  Simplified  diagram  of  the  f-m  signal  generator 
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coil  is  physically  flattened  on  the 
side  facing  the  attenuator  to  pre¬ 
sent  a  more  uniform  field  to  the 
attenuator  and  permit  larger  values 
of  k  than  are  obtainable  with  a  coil 
of  circular  cross-section.  Although 
tank  voltage  E  is  smaller  when 
doubling,  the  transformer  ratio 
(\/Lt/Li  of  Eq.  22)  is  larger  and 
the  allowable  Q  is  greater.  By  plac¬ 
ing  the  attenuator  in  proper  rela¬ 
tion  to  the  tank  coil,  equal  output 
is  obtained  on  the  two  frequency 
ranges  with  very  little  change  in 
the  gain  control  setting. 

A  switch,  ganged  with  the  fre¬ 
quency  range  switch,  actuates  a 
precision  voltage  divider  to  halve 
the  frequency-modulating  voltage 
when  the  high-frequency  range  is 
being  used  since  otherwise  the  devi¬ 
ation  would  be  double  that  on  the 
low-frequency  range.  A  section  of 
this  unit  switches  calibrating  re¬ 
sistors  in  the  r-f  monitoring  volt¬ 
meter  circuit. 


lator  operating  at  70  me,  a  linear 
mixer,  and  an  amplifier  which  has 
flat  response  from  100  kc  to  25  me 
has  been  constructed.  When  the 
signal  generator  is  tuned  from  70.1 
to  95  me,  the  difference  frequency 
of  100  kc  to  25  me  is  obtained  from 
the  converter.  With  frequency  mod¬ 
ulation  the  useful  low-frequency 
limit  is  obviously  dependent  on  the 
deviation  employed. 

By  adjusting  the  over-all  con¬ 
version-amplification  of  the  con¬ 
verter  for  unity  gain,  the  output 
voltage  can  be  read  directly  from 
the  attenuator  dial  of  the  signal 
generator  without  requiring  an  ad¬ 
ditional  monitoring  system  or  at¬ 
tenuator.  Provision  is  also  made 
for  an  uncalibrated  voltage  with 
about  ten  times  the  amplitude  of 


FIG.  9.  Mechanical  details  oi  the  r-f  os- 
•embly.  The  arrow  indicates  the  slotted 
stator  of  C\ 

introduced  on  frequency-modulated 
signals  by  the  selectivity  of  the  cir¬ 
cuit.  In  the  final  design,  the  damp¬ 
ing  was  adjusted  to  reduce  spurious 
signals  to  more  than  35  decibels  be¬ 
low  the  desired  signal.  The  result¬ 
ing  amplitude  modulation  at  75-kc 
deviation  is  about  two  percent. 

A  mutual-inductance  (piston)  at¬ 
tenuator’s  is  coupled  to  the  tank-cir¬ 
cuit  inductor  of  the  output  stage. 
This  is  a  simple  and  accurate  at¬ 
tenuator  for  the  vhf  range  since  the 
rate  of  attenuation  is  dependent 
only  on  the  inner  diameter  of  the 
attenuator  tube  after  sufficient  at¬ 
tenuation  has  been  introduced  to 
suppress  undesired  modes  of  propo- 
gation  of  the  electromagnetic  field 
in  the  tube.  The  attenuator  dial  is 
calibrated  from  0.1  microvolt  to  0.2 
volt;  correction  being  made  for  a 
slight  nonlinearity  at  the  high-volt¬ 
age  end  of  the  range. 

Figure  10  shows  the  design  of 
the  output  system.  The  voltage  in¬ 
duced  in  the  attenuator  coupling 
loop  L,  in  Fig.  lOA  is 


Output 

Standard  53-ohm  RG58/U  cable 
is  used  for  the  output  cable.  To 
keep  the  output  impedance  of  the 
generator  constant,  a  53-ohm  re¬ 
sistor  is  placed  in  series  with  the 
coupling  loop  and  another  is  used  to 
terminate  the  output  cable.  From 
Fig.  lOB,  the  voltage  e  across  the 
terminating  resistor  is  then: 


OUTPUT 

TERMINALS 


V(106)*  -I-  (toL,;* 

Since  L,  is  less  than  0.01  micro¬ 
henry,  (o>L*)*  can  be  neglected  in 
comparison  with  (106)*  and  e  = 
e'/2. 

Neglecting  La  in  Fig.  lOB,  an 
application  of  Thevenin’s  theorem 
yields  the  equivalent  circuit  of  the 
signal  generator,  shown  in  Fig. 
IOC.  Thus  the  generator  can  be 
represented  as  a  source  e  in  series 
with  a  resistance  of  26.5  ohms.  The 
attenuator  is  calibrated  in  terms  of 
the  open-circuit  output  voltage  e. 

If  the  load  impedance  is  not  large 
compared  with  26.5  ohms,  the  volt¬ 
age  applied  to  a  load  attached  to  the 
output  terminals  can  be  calculated 
by  using  the  equivalent  circuit  of 
Fig.  IOC. 

To  provide  frequencies  below  the 
range  of  the  signal  generator,  a 
converter  consisting  of  a  fixed  oscil- 


FIG.  10.  Circuit  (A)  is  the  output  system 
in  which  the  D-shoped  coil  Lt  is  used.  The 
equiTalent  circuit  of  the  attenuator  is 
shown  at  (B)  and  the  equiyalent  circuit 
of  the  signal  generator  at  (C) 


the  input  signal.  The  fixed  oscil¬ 
lator  is  provided  with  a  calibrated 
incremental  trimmer  capacitor  for 
selectivity  measurements. 

The  authors  wish  to  acknowledge 
the  considerable  contribution  of 
W.  D.  Loughlin  to  the  success  of  the 
work  reported  in  this  paper. 
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where  w  =  2x  times  the  frequency 
and  k  is  the  coefficient  of  coupling 
between  Li  and  L,. 

This  equation  shows  that  e'  is  a 
function  of  the  tank  voltage  E  and 
the  coefficient  of  coupling  k  only. 
The  attenuation  law  of  the  piston 
attenuator  controls  k.  Voltage  E  is 
monitored  by  a  voltmeter  of  the  set- 
to-line  type,  the  level  being  adjusted 
by  a  control  in  the  screen  circuit 
of  the  output  tube.  The.putput  tank 
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Ficon*  radiation  measuring  in¬ 
strument  in  use.  This  some 
iumace  is  shown  in  natural 
color  on  corer  of  this  issue 


uring  equipment  used  ranges  from 
sensitive  voltmeters  to  electronic 
recording  potentiometers.  Good  re¬ 
sults  can  be  obtained,  but  there  are 
disadvantages  in  manipulation, 
portability,  cost,  or  convenience. 

Designing  a  voltmeter  for  thi* 
purpose  is  a  problem  when  the  small 
voltages  to  be  measured  and  the 
factors  of  light  weight  and  portabil¬ 
ity  are  given  appropriate  consider¬ 
ation  in  setting  specifications. 

It  has  been  shown  by  investi¬ 
gators*’  *  that  furnace  efficiency  can 
be  related  to  the  total  flame  radia¬ 
tion,  and  that  this  is  not  necessarily 
dependent  on  flame  temperature. 
One  practical  embodiment  involved 


IN  AN  OPEN  HEARTH  steel  furnace, 
transfer  of  heat  from  the  flame 
to  the  charge  depends  largely  upon 
radiation.  This  is  especially  true 
after  the  charge  has  melted,  when 
it  lies  flat  on  the  hearth  and  the 
flames  sweep  above  it. 

It  is  for  this  reason  that  measure¬ 
ments  of  flame  radiation  have  for 
some  time  been  made  in  steel  mills. 
The  basis  of  most  practical  meas¬ 
urements  has  been  the  radiation 
pyrometer,  which  develops  an  emf 
proportional  to  the  total  energy  re¬ 
ceived.  It  consists  of  a  group  of 
tiny  thermocouples  upon  which  the 
radiant  energy  is  focussed  by  a 
quartz  lens  or  a  mirror.  The  meas¬ 


ZERO  ADJUST 


FIG.  1 — ^Bosic  bridge-type  vacuam-tube 
voltmeter  circuit  used  with  radiation  pyrom¬ 
eter  for  flame  radiation  measurement! 
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FIG.  2 — Curres  used  in  determining  optimum  values  of  circuit  parameters  for  stable  high-sensitivity  vacuum-tube  voltmeter 
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a  recording  potentiometer  made 
portable  by  mounting  it  upon  a 
wheelbarrow.  By  means  of  a  hand¬ 
held  scanning  head  containing  a 
radiation  pyrometer  as  a  detector, 
flame  radiation  at  each  furnace  door 
could  be  measured  during  the 
course  of  a  heat.  This  equipment 
was  effective  but  expensive,  cum¬ 
bersome,  and  inconvenient. 

The  portable  battery-operated 
radiation-measuring  instrument  to 
be  described  was  developed  to  over¬ 
come  the  drawbacks  of  earlier  in¬ 
struments  in  providing  quick  checks 
on  firing  conditions  throughout  a 
large  shop. 

Choice  of  Circuit 

Because  of  the  small  permissible 
current  drain  in  a  radiation  pyrom¬ 
eter  it  is  not  practical  to  use  a  mi¬ 
croammeter  directly  as  the  indicat¬ 
ing  instrument.  This  suggested  the 
use  of  a  bridge-type  vacuum-tube 
voltmeter.*  The  basic  circuit  chosen 
(Fig.  1)  achieves  the  required  sta¬ 
bility  by  using  vacuum  tube  T,  as  a 
fixed  resistance  in  one  leg  of  the 
bridge  and  by  employing  resistor 
Ro  to  provide  degeneration.* 

The  design  problem  involved  se¬ 
curing  a  sensitivity  of  the  order  of 
a  galvanometer  current  of  60  mi¬ 
croamperes  for  a  grid  input  of  100 
millivolts.  This  would  give  a  de¬ 
flection  of  at  least  half  scale  using  a 
radiation  pyrometer  as  a  detector, 
when  directed  at  flames  of  normal 
intensity  in  open  hearth  furnaces. 
To  keep  weight  down,  it  was  de¬ 
cided  to  limit  supply  voltages  to  67i 
volts  and  limit  current  drain  to 
about  10  milliamperes. 


Chassis  ol  yacuum-tube  yoltmeter  used  to  measure  output  yoltage  of  rodiation 
pyrometer.  Battery  and  pyrometer  connections  are  at  left 


A  type  1S4  button -base  tube  hav¬ 
ing  a  1.4-volt  filament  was  found  to 
be  most  suitable.  When  operated  as 
a  triode,  it  has  a  sufficiently  low  d-c 
plate  resistance  to  compare  favor¬ 
ably  with  the  smaller  power  triodes 
for  bridge  use. 

Design  Procedure 

To  find  an  operating  point  that 
would  be  within  the  allowable  bat¬ 
tery  drain,  provide  a  low  d-c  tube 
resistance,  be  in  a  negative  grid 
region,  and  utilize  the  available 
plate  voltage  to  maximum  advan¬ 
tage,  design  curves  based  on  The- 
venin’s  theorem  were  constructed. 
If  the  circuit  of  Fig.  1  is  broken  at 
point  X,  the  voltage  e  at  this  point 
will  be 


Plotting  the  bracketed  term  for  two 
assumed  increments  of  i2,  and  vari¬ 
ous  ratios  of  Rt/Rt  and  R^/R*  gives 
the  curves  of  Fig.  2A,  which  show 
that  the  greatest  bridge  voltage  un¬ 
balance  will  be  obtained  when  Ri 
equals  Rt  and  Rs  equals  /2«.  The 
combined  bridge  resistance  R  in 
series  with  this  potential  then  is 


fii  +  ft  '  Ki  +  R.  ^  ' 
Relative  bridge  resistance  R  for 
zero  galvanometer  resistance  Ro  is 
plotted  in  Fig.  2B  for  various  ratios 
of  Rx/Rt  and  Ra/R*.  The  current 
through  the  galvanometer  will  be 

la  =  e/ft  (3) 

For  assumed  increments  of  Rt  and 


Measuring  Instrument 

Operating  efficiency  of  open-hearth  steel  furnace  can  he  checked  quickly  with  highly 
stable  bridge -type  battery-operated  vacuum-tube  voltmeter  connected  to  a  radiation 
pyrometer  that  can  be  aimed  at  any  desired  portion  of  the  4,000 -degree  flame 
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revealing  efficiency  of  combustioi.. 

It  thus  becomes  possible  with  this 
type  of  instrument  to  obtain  quickl;- 
a  relative  measure  of  furnace  effi¬ 
ciency,  free  from  errors  of  human 
judgment.  By  successively  makin? 
changes  in  furnace  control  settings 
and  taking  readings  of  flame  radia¬ 
tion,  it  is  possible  to  find  the  best 
control  settings  and  thus  achieve 
higher  average  furnace  efficiencies 
One  man  can  check  five  or  six  fur¬ 
naces  with  the  instrument  in  less 
than  an  hour. 

The  instrument  is  intended  for 
use  by  combustion  technicians  to 
diagnose  furnace  troubles,  and  as  a 
measuring  tool  to  help  them  set  up 
standard  furnace  adjustments. 

This  instrument  was  built  in  the 
electrical  department  of  John  A. 
Roebling’s  Sons  Co.  by  regular  per¬ 
sonnel.  The  writer  wishes  to 
acknowledge  the  great  assistance 
of  Albert  Buchanan,  Special  Elec¬ 
trician,  in  the  construction  of  the 
unit.  His  clear  understanding  of 
the  project  contributed  in  large 
measure  to  the  attainment  of  de¬ 
sign  expectations  in  a  first  model. 
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Radiation  pyrometer  (Leeds  &  Northrup  Royotube)  used  with  bridge-type  Tocuum-tube 
voltmeter.  Projecting  lugs  on  heat  shield  at  left  engage  wicket  hole  of  furnace 


Rt,  relative  values  of  lo  are  plotted 
in  Fig.  2C  against  ratios  of  Ri/Rt 
and  R,/Rt  for  several  values  of  gal¬ 
vanometer  resistance.  These  curves 
show  that  for  usual  galvanometer 
resistances  the  resistance  ratios 
should  be  in  the  neighborhood  of  0.2 
to  give  maximum  galvanometer  cur¬ 
rent.  This  will  allow  the  load  resis¬ 
tors  to  be  chosen. 

Since  a  tube  d-c  plate  resistance 
of  a  little  over  10,000  ohms  was  ex¬ 
pected  at  the  operating  point,  a  load 
of  2,250  ohms  was  assumed  (Ri  = 
Rt  =  2,250)  in  order  to  make  the 
resistance  ratio  equal  to  about  0.2. 
By  trial,  1,000  ohms  was  found  to 
be  the  largest  value  of  Rc  that  could 
be  used  to  approximate  the  desired 
operating  point.  Using  these  values 
in  the  circuit  of  Fig.  3  gave  a  sensi¬ 
tivity  of  23.8  microamperes  for  an 
input  signal  of  50  millivolts,  which 
is  appreciably  better  than  the  mini¬ 
mum  requirements. 

The  bias  cell  and  voltage  divider 
were  provided  so  that  at  any  time  a 
known  potential  could  be  switched 
into  the  input  to  check  calibration 
of  the  instrument.®  A  wire- 
wound  zero-adjust  potentiometer 
was  used  at  first,  but  later  replaced 
with  a  carbon  control  in  order  to 
get  a  stable  adjustment  for  mobile 
use  in  the  mill. 


assures  an  unobstructed  view  of  the 
flame.  Because  of  the  rapid  re¬ 
sponse  of  radiation  pyrometers,  a 
reading  is  obtained  in  a  few  sec¬ 
onds.  The  pyrometer  can  be  aimed 
by  means  of  the  frame  and  sighted 
over  quite  an  angle  in  the  furnace. 

The  readings  are  left  in  arbitrary- 
scale  values  since  it  is  not  intended 
to  find  furnace  temperature,  but  to 
obtain  comparative  data  on  the 
radiating  power  of  the  flames.  The 
readings  can  be  converted,  if  de¬ 
sired,  into  millivolts  pyrometer  out¬ 
put.  The  results  are  affected  by  ra¬ 
diation  from  the  furnace  walls  and 
the  bath  as  well  as  by  the  flame,  and 
this  must  be  borne  in  mind  when 
evaluating  the  readings.  They  are 
of  comparative  significance  only  in 
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To  take  a  reading  the  instrument 
is  placed  at  a  furnace  door  so  that 
lugs  on  the  heat  screen  engage  the 
wicket  hole.  This  centers  the  radia¬ 
tion  pyrometer  in  the  aperture  and 


FIG.  3 — Circuit  oi  final  instrument  deTeloped  for  flame  radiation  measurements 
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USEFUL  CIRCUITS 

In  dpscribing  a  photompter  varied 
application  the  author  presents  several 
interesting  electronic  circuits,  includ¬ 
ing  a  method  for  obtaining  logarith¬ 
mic  response  to  light  intensity  from  a 
phototube,  o  system,  for  correcting 
nonlinearity  by  automatically  int  re¬ 
ducing  meter  shunts,  and  an  improved 
connection  of  gaseous  regulator  tube 
between  power  supply  ond  lood.  These 
circuits  can  be  used  in  a  voriety  of 
ways  on  mother  instruments 


IT  is  desirable,  in  a  large  number 
of  photometric  problems,  to  use 
a  logarithmically  responsive  instru¬ 
ment. 

In  photography,  brightness  levels 
of  ordinary  scenes  vary  over  an 
enormous  range  and  it  is  therefore 
convenient  to  provide  an  exposure 
meter  whose  response  is  approxi¬ 
mately  .logarithmic. 

In  measuring  absorption  charac¬ 
teristics  of  photographic  films,  re¬ 
sults  are  customarily  expressed  in 
terms  of  optical  density.  Density  is 
the  logarithm  of  the  reciprocal  of 
transmissivity.  By  using  a  logari¬ 
thmic  phototube  amplifier  system,  a 
uniform  density  scale  can  be  ob¬ 
tained.  One  commercial  densitom¬ 
eter  which  utilizes  the  logarithmic 
grid  current  versus  plate  current 
relationship  existing  in  thermionic 
triodes  is  the  Ansco  Model  11 
Densitometer'.  A  photomultiplier 
tube  instrument  based  on  this*  cir¬ 
cuit  has  been  described  in  the  liter¬ 
ature*. 

In  chemical  analysis,  where  chem¬ 
ical  concentration  of  a  solution  is 
to  be  studied  as  a  function  of  opti¬ 
cal  transmission  of  that  solution 
^best  done  at  a  single  wavelength), 
a  logarithmically  responsive  pho¬ 
tometer  is  desirable.  Such  a 
photometer  gives  a  uniform  scale  of 
concentration  values. 


Logarithmic 

Photometer 

Multiplier  phototube  and  circuit  used  to  obtain  logarithmic 
response  to  light  intensity  are  described.  Instrument  gives 
linear  meter  indication  of  film  density  for  use  as  direct- 
reading  densitometer,  or  of  concentration  for  metering 
chemical  concentration  by  monochromatic  optical  methods 
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A  number  of  papers  have  recently 
been  presented  which  deal  with  the 
application  of  multiplier  phototubes 
to  spectrochemical  analysis  and  to 
other  photometric  problems.*’  *  *  In 
general  the  effort  has  been  to  ob¬ 
tain  a  stable  system  of  linear  re¬ 
sponse  and  this  aim  has  been 
achieved  to  a  considerable  extent, 
although  logarithmic  circuits  have 
a  number  of  advantages  in  such  ap¬ 
plications. 

An  ideal  electronic  photometer 
may  be  defined  as  one  having  the 
following  characteristics:  (1)  high 
sensitivity,  (2)  good  stability,  (3) 
direct  reading  operation,  as  distinct 
from  manual  or  automatically  actu¬ 
ated  null  balance  type,  (4)  log¬ 
arithmic  electrical  response  over  an 
intensity  range  of  at  least  1,000  to 
1,  electrical,  as  distinct  from  me¬ 
chanical,  because  devices  which  rely 
on  magnetic  or  mechanical  com¬ 
pensating  features  to  obtain  uni¬ 
formity  of  response  cannot  readily 
be  used  in  recording  or  computing 
circuits,  (6)  simplicity,  (6)  com¬ 
pactness,  (7)  low  cost,  and  (8)  flex¬ 
ibility  of  design. 

Principle  of  Operation 

The  simplified  circuit  shown  in 
Fig.  1*  provides  the  basis  for  an 
instrument  which  meets  these  re¬ 
quirements  unusually  well. 


Theoretically,  sensitivity  of  elec¬ 
tron  multiplier  tubes  depends  on 
applied  dynode  voltage  according  to 
the  relation 

S^kV*'^  (1) 

where  S  is  sensitivity  expressed  in 
terms  of  anode  current  versus  inci¬ 
dent  light  (S  is  proportional  to  the 
electron  current  gain  of  the  tube  as 
a  whole),  V  is  dynode  voltage  per 
stage,  n  is  number  of  stages,  and  k 
is  a  constant  characteristic  of  the 
individual  multiplier  tube.  From 
this  relation  it  will  be  seen  that  if 


FIG.  1 — Basic  feedback  circuit  for  produc¬ 
ing  logarithmic  releition  between  light  in¬ 
tensity  and  dynode  yoltage  of  multiplier 
phototube 
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FIG.  2 — (l*ft)  Were  the  transler  dioracter- 
Istic  of  the  circuit  of  Fiq*  1  ideally  logarith¬ 
mic,  *hU  response  function  would  be  a 
straight  line 


FIG.  3 — (below)  Automatic  electrical  intro¬ 
duction  of  meter  shunts  compensates  for 
nonlineority  of  phototube  circuit  response 


the  dynode  voltage  is  adjusted  so 
as  to  maintain  constant  anode  cur¬ 
rent  in  the  presence  of  variations  in 
incident  light  intensity,  the  rela¬ 
tionship  between  the  logarithm  of 
light  intensity  and  voltage  will  be 

logf- =  -(n/2)log  V-H*'  (2) 

where  F  represents  radiant  flux  in¬ 
cident  on  the  photocathode,  kf  = 
—log  k  and  F  is  proportional  to  1/S. 

The  circuit  shown  automatically 
and  instantaneously  performs  this 
constant  current  operation.  As  the 
light  intensity  falling  on  the  photo¬ 
surface  is  increased,  the  anode  cur¬ 
rent  tends  to  increase  too.  However, 
as  the  anode  current  increases,  the 
grid  of  the  control  tube  is  driven  to 
a  more  negative  potential.  Conse¬ 
quently  the  bleeder  current  is  re¬ 
duced,  the  dynode  voltage  is  re¬ 
duced  in  proportion,  and  the  sensi¬ 
tivity  of  the  tube  as  a  whole  de¬ 
creases.  In  the  limiting  case, 
wherein  the  control  tube  has  a  high 
ampliflcation  factor  (virtually  in¬ 
finite)  the  control  grid  voltage  (and 
therefore  the  anode  current  through 
the  grid  resistor  Ro)  is  sensibly 
constant.  Under  ideal  conditions 
anode  impedance  of  multiplier  tubes 
is  relatively  high  so  that  ordinary 
variations  in  the  anode-dynode  No. 
9  voltage  have  small  effect  on  the 
light  intensity  versus  bleeder  cur¬ 
rent  relationship. 

Voltmatar  Raspont* 

When  a  voltmeter  is  connected 
across  the  total  bleeder  circuit  it 


will  respond  nearly  uniformly  to 
changes  in  the  logarithm  of  light  in¬ 
tensity.  Theoretically  the  slope  of 
the  log  F  versus  voltage  curve  is 

d  (log  F)  _  f(n/2)  log  el 

dV  ^  V 

and  d  (log  S)  {(n/2)  log  e] 
dK  “  V 

For  practical  multiplier  tubes  such 
as  the  931- A  or  1P21  the  relation¬ 
ship  for  d  (log  S)/dV'  versus  V  in¬ 
dicated  in  Fig.  2  is  representative 
and  it  will  be  observed  that  a  range 
of  25  to  70  volts  per  stage  corres¬ 
ponds  to  a  sensitivity  ratio  of  1,000 
to  1.  It  will  be  noted  that  the  actual 
slope  d  (log  F)/dV  is  reasonably 
uniform  over  this  voltage  range, 
more  so  than  Eq.  3  indicates,  and 
the  slight  nonlinearity  of  this  func¬ 
tion  can  be  compensated  by  the  cor¬ 
rective  output  circuit  whose  basic 
features  are  shown  in  Fig.  3. 

If  total  dynode  voltage  is  con¬ 
nected  at  DEK,  selenium  rectifiers 
Si  and  St  will  be  inoperative  at  volt¬ 
age  values  of  Diy  which  correspond 
to  the  condition  wherein  voltage 
AB  is  less  than  EF  and  EG,  Under 
these  circumstances  resistors  n  and 
r,  are  ineffective.  At  dynode  volt¬ 
ages  high  enough  to  elevate  AB 
above  EF  but  lower  than  EG,  S,  will 
conduct  current  and  resistor  r,  will 
act  as  a  shunt  resistance  across  the 
AB  portion  of  resistor  ABC.  If  the 
resistor  network  is  designed  prop¬ 
erly,  the  rate  of  increase  of  voltage 
AB  versus  dynode  voltage  Diy  can 
be  modified  to  give  the  desired  cor¬ 
rection  over  a  portion  of  the  input 


range.  By  using  two  corrective 
shunts  of  this  type  it  has  been 
found  possible  to  obtain  a  circuit 
which  gives  linearity  accurate 
within  ±0.02  log  F  over  a  log  F 
range  of  0  to  3. 

High-Voltag*  Supply 

From  a  consideration  of  feedback 
principles  involved  in  the  operation 
of  this  circuit  it  is  obvious  that 
even  large  changes  in  supply  volt¬ 
age  will  not  affect  the  dynode 
voltage  (provided  that  the  supply 
voltage  does  not  fall  below  the  mini¬ 
mum  value  required  for  the  equi¬ 
librium  bleeder  voltage).  In  fact, 
changes  in  characteristics  of  the 
control  tube,  such  as  those  due  to 
aging  and  replacement  have  negli¬ 
gible  effect  on  calibration  of  the 
instrument.  If  the  circuit  is 
properly  designed  only  sensitivity 
versus  dynode  voltage  character¬ 
istic  of  the  multiplier  phototube  in¬ 
fluences  calibration  of  the  instru¬ 
ment. 

Figure  4  is  a  detailed  schematic 
diagram  of  the  complete  circuit. 
The  power  supply  consists  of  a  con¬ 
ventional  power  transformer  whose 
high  voltage  secondary  winding 
energizes  two  type  816  hot  cathode, 
high  voltage,  gaseous  rectifiers  in 
a  full-wave  voltage  doubler  circuit. 
Necessary  voltage  isolation  of  the 
heaters  is  obtained  by  using  the 
5-volt  winding  plus  a  voltage  drop¬ 
ping  resistor  as  a  source  for  one 
of  the  filaments  and  the  2.5-volt 
winding  directly  for  the  other. 
The  100,000-ohm  bleeder  resistor 
and  double  section  3-/xf  filter  capaci¬ 
tors  used  as  indicated,  provide  a 
d-c  source  of  1,200  volts  with  a 
ripple  component  of  less  than  five 
percent.  A  relay  in  the  rectifier 
circuit  for  the  screen  voltage  supply 
closes  the  high  voltage  a-c  circuit 
to  the  816’s  only  after  all  of  the 
filaments  are  heated. 

CoNtrol  Tab* 

In  order  to  utilize  the  full  sensi¬ 
tivity  of  which  the  photo-multiplier 
tube  is  capable,  it  is  necessary  to 
operate.it  at  low  anode  currents. 
Our  experience  has  shown  (and 
subsequent  private  communications 
with  the  tube  manufacturers  have 
confirmed)  that: 

(1)  Optimum  aignal-to-noise 
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ratio  for  multiplier  phototubes  of 
present  day  construction  occurs 
when  they  are  operated  at  about 
70  to  95  volts  per  stage.  Higher 
voltages  give  rise  to  spurious  gas 
discharge  pulses  and  overall  insta¬ 
bility. 

(2)  Fatigue  (gradual  change  in 
anode  current  for  steady  state 
voltage  and  constant  incident  dux) 
increases  rapidly  with  anode  cur¬ 
rent.  We  have  observed  that  in 
some  tubes  anode  currents  in  ex¬ 
cess  of  two  to  ten  microamperes 
are  accompanied  by  pronounced 
fatigue.  For  this  reason  it  is  de¬ 
sirable  to  operate  the  tube  at  anode 
currents  of  about  one-half  to  one 
microampere.  Appreciably  lower 
operating  currents  are  undesirable 
because  dark  current  and  other  ex¬ 
traneous  currents  then  become  a 
significant  fraction  of  the  signal 
current. 

By  using  an  807  power  pentode  as 
shown,  it  is  possible  to  operate  the 
multiplier  tube  under  conditions 
which  give  excellent  stability  and 
sensitivity.  Because  the  total 
dynode  voltage  varies  from  ap¬ 
proximately  300  to  900  volts,  the 


807  plate  to  cathode  voltage  will 
range  from  about  850  to  250  volts. 

The  807  control  tube  meets  the 
requirement  for  extren.ely  low  grid 
current,  even  in  the  presence  of 
very  high  plate  voltages.  Tests 
conducted  with  several  807's  at 
1,000  volts  plate  to  cathode  voltage 
show  that  if  the  screen  voltage  is 
maintained  at  40  volts  the  grid 
current  is  less  than  0.01  /xa  over  a 
plate  current  range  of  0-8  ma. 
Under  these  conditions  and  with  a 
135,000-ohm  load  the  voltage  gain 
of  the  tube  is  quite  high,  about  150, 


FIG.  5 — Voltag*  Tersus  current  relationship 
of  omode  of  multiplier  phototube  for  con¬ 
stant  dynode  Toltaqe  and  constant  incident 
illumination 


SO  that  the  control-grid  to  cathode 
voltage  varies  by  only  4  volts  over 
a  light  intensity  range  of  1,000  to  1. 

In  order  to  minimize  effects  on 
calibration  of  variations  in  gain 
characteristics  of  the  807  control 
tube  and  to  take  full  advantage  of 
the  high  impedance  of  the  multi¬ 
plier  anode,  the  control  grid  bias 
voltage  is  fixed  at  a  high  positive 
potential  with  respect  to  cathode, 
60  volts,  and  a  grid  resistor  of 
correspondingly  high  value  is  used, 
100  megohms.  The  anode-dynode 
No.  9  voltage  is  held  at  a  virtually 
constant  potential  of  50  volts  for 
all  values  of  bleeder  current  by 
the  NE32  neon  discharge  tube. 
This  anode  voltage  value  is  recom¬ 
mended  by  the  tube  manufacturers 
for  most  satisfactory  results.  If 
the  NE32  tube  were  replaced  by  an 
extension  of  the  bleeder  resistor, 
anode  voltage  would  be  nearly  pro¬ 
portional  to  bleeder  current  and 
calibration  of  the  instrument  would 
be  seriously  affected  by  changes 
(due  to  warmup  and  aging)  in 
mutual  conductance  of  the  807. 
This  change  is  because  the  multi¬ 
plier  anode  impedance  varies  to 
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some  extent  with  voltage,  particu¬ 
larly  at  low  voltages,  as  is  evident 
from  the  curve  shown  in  Figure  5. 

R*galat*d  Low*Voltag«  Sapply 

A  stabilized  d-c  supply  isolated 
from  the  plate  cathode  circuit  of 
the  807  is  obviously  necessary  to 
provide  the  screen  and  control  grid 
bias  voltages  and  voltage  for  the 
compensating  circuit.  This  addi¬ 
tional  supply  was  conveniently  ob¬ 
tained  by  rectifying  the  110- volt 
a-c  power  supply.  By  using  a 
vacuum  type  rectifier  and  a  relay 
in  the  bleeder  circuit,  automatic 
time  delay  was  obtained  for  closing 
the  816  high  voltage  plate  supply 
circuit.  A  VR150  gas  stabilizer 
tube  maintains  (in  combination 
with  the  NE32  tube)  the  constant 
screen  and  control  grid  supply  volt¬ 
ages. 

The  output  meter  is  a  Weston 
model  273  0-1.0  milliammeter  and 
is  connected  from  ground  CdjTiode 
No.  9)  to  the  negative  terminal  of 
the  power  supply  (cathode) . 

A  bucking  current  for  the  output 
meter  is  derived  from  the  positive 
portion  of  the  screen  voltage  sup¬ 
ply.  The  purpose  of  the  bucking 
circuit,  which  gives  a  result  equiva¬ 
lent  to  that  of  a  suppressed  zero 
meter,  is  to  permit  the  entire  scale 
of  the  meter  to  be  used  for  only 
those  dynode  voltage  values  of 
interest.  In  the  present  circuit, 
zero  meter  current  corresponds  to 
about  30  volts  per  stage  on  the 
multiplier  tube. 

All  commercial  gaseous  dis¬ 
charge  VR  tubes  (type  VR75, 
VR105,  VR150  etc)  exhibit  a 
slightly  positive  voltage  current 
coefficient  (i.e.  their  terminal  volt¬ 
age  rises  with  increasing  tube  cur¬ 
rent)  and  consequently  they  do  not 
provide  perfect  stabilization  as 
used  in  conventional  bleeder  cir- 


FIG.  7 — Assembled  power  supply  and  control  circuit  of  photometer 


cuits.  In  general,  they  improve  the  For  a  range  of  illumination  of 
stabilization  by  a  factor  of  about  0.02  to  20  microlumens  the  corre- 
10.  spending  807  plate-cathode  current 

However,  by  using  a  circuit  of  varies  from  6.6  to  2.2  ma  respec- 
the  type  illustrated  in  Fig.  6  the  tively  or  approximately  100  to  35 
stability  of  load  voltage  may  be  volts  per  stage, 
further  improved,  in  fact,  even  Figure  7  is  a  photograph  of  the 
negative  voltage-current  character-  power  supply  unit  and  Figure  8 
istics  can  be  obtained.  In  this  cir-  shows  the  whole  instrument,  used 
cuit  the  voltage  drop  across  the  load  in  this  case  for  color  densitometry, 
resistor  will  increase  slightly 
with  increasing  supply  voltage  if 
Rb  is  infinite,  due  to  the  normal  in¬ 
crease  in  voltage  across  the  VR 
tube.  By  inserting  Rb  as  indicated, 
the  rate  of  increase  in  voltage  drop 
across  Rc  with  increasing  supply 
voltage  may  be  made  sufficient  to 
maintain  the  voltage  drop  across 
Rl  at  a  constant  value.  It  can  be 
shown  that  if  ReRb  =  RaRc  then 
the  voltage  across  Rl  will  be  inde¬ 
pendent  of  the  supply  voltage  (Rb 
is  the  a-c  resistance  of  the  VR  tube 
and  is  equal  to  the  ratio  of  an 
incremental  change  in  voltage 
across  the  VR  tube  to  the  resulting 
incremental  change  in  current 
through  the  tube). 

By  suitable  selection  of  the  cor¬ 
responding  resistor  values  in  the 
photometer,  bucking  current  was 
compensated  in  such  a  way  as  to 
yield  a  minimum  variation  in  out¬ 
put  meter  reading  with  changes  in 
supply  voltage. 


Calibration  and  Accnracy 

The  present  circuit  was  first  used 
to  measure  transmission  and  reflec¬ 
tion  color  densities’,  and  to  obtain 
values  in  agreement  with  those  de¬ 
rived  from  the  use  of  a  Schmidt 
and  Haensch  (S  &  H)  visual  polari¬ 
zation  spectrophotometer.  There¬ 
fore  a  number  of  practical  speci¬ 
mens  calibrated  as  to  spectral  den¬ 
sity  on  the  S  &  H  instrument  served 
as  reference  standards. 

The  output  meter  had  been  pre¬ 
calibrated  to  indicate  density  uni¬ 
formly  with  respect  to  input  cur¬ 
rent.  As  mentioned  earlier,  the 
uncompensated  log  F  (or  density) 
versus  dynode  voltage  character¬ 
istic  is  not  strictly  uniform.  How¬ 
ever,  it  is  sufficiently  close  so  that, 
with  the  meter  shunt  properly  ad¬ 
justed,  density  readings  from  0  to 
0.8  are  in  satisfactory  agreement 
with  the  reference  densities  with¬ 
out  resort  to  compensation.  By 


FIG.  6 — ImproTod  gaseous  tube  stabilizer 
circuit  mokes  yoltage  across  load  resist¬ 
ance  independent  of  input  oyer  a  wide 
yoltage  range 
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adjusting  the  Sx  rectifier  voltage 
tap  of  Fig.  3  so  that  the  rectifier 
passes  current  only  at  densities  of 
0.8  and  higher,  correction  is 
effected  at  densities  above  0.8.  In 
this  way  the  instrument  response 
is  satisfactorily  corrected  for 
densities  up  to  approximately  1.5. 
Similarly,  by  adjustment  of  the 
voltage  tap  for  rectifier  S,  addi¬ 
tional  correction  can  be  obtained 
for  densities  above  1.5.  By  proper 
choice  of  both  the  two  rectifier 
voltage  taps  and  the  supplementary 
shunt  resistors  n  and  r*  satisfac¬ 
tory  accuracy  was  obtained  over 
the  whole  range  (0  to  3).  The  cor¬ 
rective  action  is  smooth  and  instan¬ 
taneous  and  thereby  facilitates  use 
of  the  circuit  in  conjunction,  with 
automatic  recording  instruments. 


FIG.  8 — Color  densitometer  employing  the 
circuit  described  with  text.  Other  applica¬ 
tions  are  possible 


Uniformity  of  response  was 
checked  by  alternately  inserting 
and  shorting  out  a  resistance  in 
the  lamp  voltage  supply  circuit. 
This  technique  provided  an  accu¬ 
rately  reproducible  variation  in 
light  source  intensity.  When  densi¬ 
ties  of  different  values  (0  to  3) 
were  interposed  in  the  light  beam, 
the  difference  in  density  readings 
produced  by  intermittently  short¬ 
ing  the  lamp  series  resistor  was 
virtually  identical  over  the  entire 
scale  of  values.  The  light  source 
modulation  provided  a  constant  per¬ 
centage  variation  in  fiux  and  the 
interposition  of  density  specimens 
altered  the  total  flux  level.  Cumula¬ 
tive  nonuniformity  was  determined 
by  using  sufficient  intermittent 
lamp  resistance  to  cause  a  log  F 


difference  of  about  1.0  and  incre¬ 
mental  nonuniformity  by  using  a 
low  resistance  which  gave  log  F 
differences  of  only  0.05  or  0.10.  If 
the  ratio  of  lamp  intensities  for  a 
given  lamp  resistor  is  accurately 
determined  by  any  convenient 
method  (such  as  the  inverse  square 
law,  or  by  holding  the  dynode  volt¬ 
ages  temporarily  constant  and 
measuring  the  anode  current  values 
for  the  two  conditions)  the  instru¬ 
ment  can  be  calibrated  independ¬ 
ently,  without  reference  to  the  S&H 
or  other  comparison  values.  The 
latter  method  of  calibration  may  be 
regarded  as  a  calibration  of  the 
slope  of  the  log  F  versus  current 
function  and  the  former  method  a 
check  on  the  linearity  of  this  func¬ 
tion. 

The  relationship  between  S&H 
densities  and  meter  readings  with 
and  without  compensation  is  shown 
in  Figure  9. 

A  unique  advantage  of  an  instru¬ 
ment  whose  response  is  electrically 
uniform  with  respect  to  the  log  F 
versus  current  function  is  that  it 
can  be  directly  compensated  for 
variations  in  light  source  intensity. 
Although  the  instrument  described 
in  the  present  paper  utilizes  a  mag¬ 
netic  stabilizer  in  the  lamp  voltage 
circuit,  this  can  be  eliminated  and 
the  bucking  current  portion  of  the 
output  meter  circuit  altered  so  that 
the  proper  decrease  in  bucking  cur¬ 
rent  accompanies  each  increase  in 
lamp  voltage.  Because  a  given 
change  in  lamp  intensity  requires 
the  same  magnitude  of  change  in 
bucking  current  to  correct  it  re¬ 
gardless  of  the  portion  of  the  scale 
being  used,  by  proper  choice  of 
circuit  constants  the  effects  of  lamp 
intensity  variations  can  be  elimi¬ 
nated  without  resort  to  control  of 
the  lamp  voltage. 

The  prototype  instrument  ha.s 
.  been  used  for  some  time  in  the 
routine  analysis  of  color  products 
(transmission  and  reflection  mate¬ 
rials')  and  for  high  density  meas¬ 
urements.  The  usual  difficulties, 
well  known  to  workers  in  high 
voltage  were  experienced  during 
the  early  development  of  the  instru¬ 
ment  but  it  is  believed  that  they 
have  been  eliminated  in  the  present 
design.  Multiplier  phototubes  show 


some  individual  variation  with  re¬ 
spect  to  stability,  spectral  sensitiv¬ 
ity,  and  fatigue,  some  even  exhibit¬ 
ing  positive  fatigue  at  one  dynode 
voltage  and  negative  fatigue  at 
another,  but  tubes  can  be  found 
which  exhibit  virtually  zero  fatigue 
(at  the  low  anode  current  involved 
in  this  circuit)  over  the  entire 
dynode  voltage  range  of  interest. 


FIG.  9 — Measured  accuracy  of  color  den¬ 
sitometer  indicates  improTement  made  by 
meter  compei»ating  circuit 


The  response  of  the  circuit  to 
changes  in  illumination  is  instan¬ 
taneous.  There  is  no  tendency  to 
oscillate,  because  of  the  high  per¬ 
centage  of  negative  feedback,  and 
no  shunt  capacitor  is  needed  in  the 
807  grid  circuit.  The  instrument 
is  eminently  suited  for  use  in  con¬ 
junction  with  spark  recording  in¬ 
struments  because  of  its  insensitiv¬ 
ity  to  intense  high  frequency  ra¬ 
diation  fields.  The  stability  to 
changes  in  supply  voltage  is  such 
that  over  a  voltage  range  of  100 
to  130  volts  there  is  negligible 
variation  in  meter  rending  except 
at  the  highest  bleeder  currents 
(highest  densities). 
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Continuously  Variable 

Radio  Remote  Contiol 


Phase-shifting  properties  of  a  resonant  circuit  provide  automatic  self-adjustment  of  a  radio 
control  system.  Guided  missiles,  aircraft,  satellite  transmitters,  and  telemetering  systems  can 

be  radio  controlled  by  the  stepless  positioning  provided 


Engineer  in  Charge 

Fairchild  Cnmirn  ami  luMlrument  Corp, 
Jamaica^  Neie  York 
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FIG.  1 — ^N«ar  resonance,  th«  phase  angle  changes  rapidly.  AdTontage  ol  this 
characteristic  is  token  in  design  oi  the  control  system 


The  heart  of  any  t5rpe  of  re¬ 
motely  operated  device  is  the 
control  method  used.  Its  speed  of 
response,  accuracy,  and  ease  of  oper¬ 
ation  must  all  be  satisfactory  or  the 
efficiency  of  the  controlled  object  will 
be  impaired.  In  some  applications, 
such  as  guided  missiles,  the  equip¬ 
ment  for  locating  the  missile  with 
respect  to  the  target  may  be  more 
complicated  than  that  for  effecting 
control,  but  the  control  must  be  satis¬ 
factory  to  insure  the  success  of  the 
missile.  . 

The  basic  problem  of  radio  control 
may  be  stated  as  that  of  definitely 
positioning  a  rotating  shaft  by 
means  of  signals  transmitted  on  a 
radio  channel.  Many  methods  have 
recently  been  developed  for  doing 
this  on  a  step  by  step  basis  in  which 
the  controlled  shaft  positions  itself 
in  definite  increments  in  response  to 
the  control  signal.  Some  systems 
merely  control  the  direction  of  rota¬ 
tion  of  the  controlled  shaft,  the  dura¬ 
tion  of  the  running  determining  the 
ultimate  shaft  position.  In  compar¬ 
ison  to  these  control  means,  a  smooth, 
stepless,  and  definite  positioning  de¬ 
vice  is  usually  preferable. 

Rasoaont  Circalt 

The  radio  control  system  to  be 
described  is  this  latter  type,  and  its 
operation  is  obtained  from  the  phase- 
shifting  properties  of  an  electrical 
series  resonant  circuit  that  consists 
of  an  inductance  and  capacitance  in 
series.  The  phase  of  the  current  flow¬ 
ing  through  a  series  resonant  circuit 
is  a  function  of  the  relation  of  the 
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current  through  phase  2,  thus  caus¬ 
ing  the  servo  motor  to  develop  torque 
in  either  direction. 

If  the  line  frequency  is  equal  to 
the  resonant  frequency  of  the  tuned 
circuit,  the  current  in  phase  1  will 
be  in  phase  with  the  line  voltage  and 
also  in  phase  with  the  current 
through  motor  winding  2.  This  con¬ 
dition  will  result  in  zero  torque,  or 
a  condition  of  equilibrium. 

Because  the  line  frequency  can  be 
transmitted  by  radio,  we  have  a 
means  for  remotely  controlling  the 
operation  of  a  servo  motor.  Thyra- 
tron  tubes  can  be  employed  as  phase- 
sensitive  servos  instead  of  a  two- 
phase  motor,  to  control  large  motors 
by  a  small  amplifier. 


2-PHASE 


SERVO 

MOTOR 


SERVO 

MOTOR 


PHASE  2 


FIG.  3 — Coupling  the  seryo  motor  to  L, 
proyides  cnitomatic  tuning  oi  the  motor 
circuit  to  the  line  irequency 


PIG.  2 — The  reasonant  circuit  formed  by  Li 
and  Cl  controls  the  current  flowing  through 
the  motor  winding  oi  phase  1 


Motor  Controls  Inductance 


For  most  control  applications,  a 
control  which  definitely  positions  the 
controlled  shaft  is  desired  rather 
than  one  which  only  governs  the  ro¬ 
tation  of  a  servo  motor.  Figure  3 
shows  how  the  servo  motor  of  Fig.  2 
can  be  coupled  mechanically  to  a 
variable  L,.  If  the  motor  is  phased 
correctly,  it  will  automatically  tune 
the  circuit  L,  and  C,  to  resonance 
with  the  applied  voltage  by  varying 
the  value  of  Li.  The  position  of  the 
shaft  which  controls  the  value  of  L. 
is  a  function  of  the  value  of  Li  and 
therefore  of  the  line  frequency,  be¬ 
cause  L,  is  automatically  adjusted  to 
keep  circuits  tuned  to  line  frequency. 

In  appearance,  the  variable  induc¬ 
tance  resembles  a  motor.  Figure  4 
shows  the  construction  of  a  double 
variable  inductance  unit.  There  are 
no  windings  on  the  rotor,  and  conse- 


is  in  series  with  phase  1  of  the  motor 
and  so  controls  the  phase  of  the  cur¬ 
rent  flowing  through  that  motor 
winding.  Phase  2  is  connected  di¬ 
rectly  across  the  line  and,  because  it 
is  wound  to  be  essentially  resistive, 
the  current  flowing  through  it  is  ap¬ 
proximately  in  phase  regardless  of 
the  line  frequency. 

The  torque  output  of  a  two-phase 
motor  is  proportional  to  the  product 
of  the  current  in  phase  1  and  phase 
2  and  the  sine  of  the  phase  angle 
between  the  two  currents.  Figure  1 
shows  that  the  phase  of  the  current 
through  phase  1  can  be  varied  by 
changing  the  line  frequency.  By 
adjusting  this  frequency  above  and 
below  the  resonant  point  of  Li  and 
C„  the  current  through  phase  1  can 
be  made  to  either  lead  or  lag  the 


resonant  frequency  of  the  circuit  to 
the  applied  voltage  frequency.  If  the 
resonant  frequency  of  the  circuit  is 
the  same  as  the  line  frequency,  the 
current  flowing  will  be  in  phase  with 
the  line  voltage  and  the  series  reso¬ 
nant  circuit  is  said  to  be  tuned  to 
resonance  with  the  line. 

If  the  line  frequency  is  varied 
above  or  below  the  resonant  fre¬ 
quency  of  the  circuit,  the  phase  of 
the  current  with  respect  to  the  line 
voltage  will  vary  as  a  function  of 
this  frequency  difference.  Figure  1 
illustrates  graphically  this  phase- 
shifting  property  of  the  series  reso¬ 
nant  circuit. 

The  rate  of  change  of  the  phase 
angle  close  to  the  point  of  resonance 
is  particularly  interesting  and  is  the 
characteristic  that  makes  possible  a 
sensitive  control  system.  The  effect¬ 
ive  Q,  or  figure  of  merit,  of  the 
circuit  elements  used  controls  the 
slope  near  resonance,  the  higher  the 
Q  the  greater  the  rate  of  change  of 
phase  angle.  Values  of  Q  of  five  to 
ten,  which  can  easily  be  obtained 
with  commercial  inductors,  will  en¬ 
able  a  very  sensitive  control. 


FIG.  4 — Construction  of  a  double  Torlable  inductance.  A  single  unit,  such  os  L, 
nf  Ftg.  3,  would  Smre  one  rotor 


Uso  of  Servo  Motor 

Figure  2  shows  how  a  circuit  of 
this  type  may  be  used  in  conjunction 
with  a  phase-sensitive  servo  to  con¬ 
trol  the  speed  and  direction  of  rota¬ 
tion  of  a  shaft.  The  phase-sensitive 
servo  used  is  a  conventional  two- 
phase  motor  which  is  sensitive  to 
small,  phase  angle  shifts.  The  reso¬ 
nant  circuit  consisting  of  Ci  and  I/i 
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quently  no  brushes  or  slip  rings  to 
wear  and  deteriorate.  The  inductance 
variation  is  linear  for  a  little  more 
than  sixty  degrees  rotation  of  the 
shaft. 

Figure  5  shows  an  inductance 
transmitter  on  the  right,  and  a  posi¬ 
tion  receiver  consisting  of  an  in¬ 
ductance  and  two-phase  servo  motor 
and  the  necessary  gearing  between 
the  two.  The  gear  sector  couples  the 
inductance  shaft  which  is  positioned 
by  the  line  frequency  to  the  load  to 
be  controlled. 

Voives  of  Cireaif 

A  range  of  line  frequency  is  neces¬ 
sary  to  position  the  shaft  of  L, 
throughout  its  range  of  some  sixty 
degrees.  The  magnitude  of  this  fre¬ 
quency  band  is  determined  by  the 
inductance  value  and  that  of  the 
tuning  capacitor.  Typical  calibrations 
are  shown  in  Fig.  6  and  7. 

Referring  to  Fig.  6,  control 
throughout  sixty  degrees  of  induc¬ 
tance  shaft  rotation  requires  a  fre¬ 
quency  band  of  from  50  to  80  cycles. 
In  this  example  the  inductance  value 
is  20.5  henrys  and  the  tuning  capac¬ 
itor  0.283  /if.  The  inductance  of  the 
motor  winding  in  series  with  the 
resonant  circuit  is  5.65  henrys. 

The  control  whose  calibration  is 
shown  in  Fig.  7  was  adjusted  for  a 
different  frequency  band,  seventy 
degrees  of  motion  being  controlled 
by  a  frequency  variation  from  135  to 
198  cycles.  The  value  of  inductance 
is  28.2  henrys  and  the  tuning  capac¬ 
itor  is  0.033  /if. 

Both  of  these  controls  could  be 
transmitted  on  one  carrier  requiring 


an  audio  band  of  from  50  to  198 
cycles.  More  controls  at  higher  fre¬ 
quency  bands  could  be  added.  For  a 
large  number  of  controls  on  one  car¬ 
rier,  though,  a  subcarrier  frequency 
system  should  be  employed  which 
would  enable  a  practically  unlimited 
number  of  controls  especially  if 
microwave  transmission  is  employed. 
The  carrier  with  the  numerous  sub¬ 
carriers  could  be  beamed  to  the  con¬ 
trolled  unit  along  with  any  other 
necessary  intelligence. 

Torque-error  Data 

The  relationship  between  the 
torque  generated  by  this  system  of 
radio  control  and  the  error  between 
the  control  resonant  frequency  and 
the  frequency  of  the  voltage  applied 
to  the  control  is  shown  by  the  graph 
of  Fig.  8.  The  solid  lines  illustrate 
the  motor  torque  for  different  applied 
frequencies  for  three  settings  of  the 
control.  The  graph  covers  a  band  of 
50  to  75  cycles  with  the  control  set 
at  52,  60,  and  73  cycles.  These  con¬ 
trol  setting  frequencies  are  the  fre¬ 
quencies  to  which  L,  and  C,  are  set. 
Zero  torque  is  not  usually  obtained 
when  these  frequencies  are  im¬ 
pressed  upon  the  control  due  to  slight 
phase  shifts  in  phase  2  with  changes 
in  frequency. 

The  dotted  lines  show  the  motor 
torque  for  various  constant  displace¬ 
ments  between  the  control  setting 
and  applied  frequency  throughout 
the  bands.  For  example,  it  may  be 
seen  that  for  a  one-percent  deviation, 
substantially  0.025  inch  ounce  can 
be  obtained  at  any  place  in  the  band. 
Five-percent  deviation  increases  this 


FIG.  6 — Operation  in  the  frequency  range 
from  SO  to  80  cycles  prorides  60  degrees 
of  rotation  of  the  inductance  shaft 


torque  to  0.13  inch  ounce. 

From  these  charts  the  operation 
of  a  system  of  this  type  can  be  easily 
predicted.  These  figures  are  typical 
only  of  the  control  constructed  and 
more  or  less  torque  could  be  obtained 
by  suitable  design.  The  torque  out¬ 
put  shown  is  that  obtained  at  the 
motor  shaft  and  gearing  to  bring 
this  up  to  the  required  amount  must 
be  employed. 

The  tuned  circuits  of  this  radio 
control  method  are  natural  filters  and 
help  to  minimize  any  effects  due  to 
harmonic  content  of  the  applied  fre¬ 
quency.  However  it  is  best  to  keep 
the  harmonic  content  low.  If  trouble 
were  experienced  from  this  source, 
additional  harmonic  filters  could 
easily  be  included.  Phase  shifts  in 
the  filters  would  not  affect  the  opera¬ 
tion. 

Complete  System 

Figure  9  is  a  schematic  of  a  com¬ 
plete  single-channel  control  system 
which  has  been  designed  to  permit 
very  close  tracking  between  the  posi¬ 
tion  of  the  transmitting  inductance 
shaft  and  the  position  of  the  con¬ 
trolled  inductance  shaft.  The  trans¬ 
mitting  inductance  is  electrically 
identical  to  the  controlled  inductance 
and,  the  tuning  capacitors  are  also 
equal ;  thus  Li  =  L,  and  C,  =  C-. 

The  radio  position  transmitter  is 
designed  to  operate  in  conjunction 
with  a  standard  type  of  audio-fre¬ 
quency  oscillator  and  adjusts  the  tun¬ 
ing  control  of  the  oscillator  until  its 
output  frequency  is  equal  to  the  reso¬ 
nant  frequency  of  the  circuit  LiC,. 
The  resonant  frequency  of  this  cir¬ 
cuit  is  adjusted  to  the  desired  value 


FIG.  S — At  loft,  a  two-phoM  motor  and  a  Torioble  inductance  are  combined  in  one 
unit.  A  separate  Torioble  inductance  unit  is  shown  at  right 
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FIG.  7 — Seventy  degrees  oi  rotary  motion 
were  obtained  by  using  frequencies 
between  135  and  198  cycles 


by  setting  L„  manually  or  otherwise. 
The  oscillator  frequency  is  then 
transmitted  by  radio  to  the  radio 
position  receiver. 

The  radio  position  receiver  tunes 
itself  to  the  oscillator  frequency, 
and,  because  the  tuned  circuit  con¬ 
stants  are  identical  elements,  Lt  is 
driven  by  the  servo  motor  to  a  posi¬ 
tion  corresponding  to  the  position  of 
Lu  effecting  the  desired  control. 

The  detailed  operation  is  as  fol¬ 
lows:  First,  Lx  is  adjusted,  setting 
the  resonant  circuit  LiC,  to  a  definite 
resonant  frequency.  The  audio  oscil¬ 
lator  output  is  impressed  across  the 
radio  position  transmitter  circuit 
which  is  like  that  shown  in  Fig.  3. 
except  that  the  servo  motor  adjusts 
the  audio’  oscillator  frequency  in¬ 
stead  of  the  inductance  L,.  Thus  the 
servo  motor  tunes  the  oscillator  to 
the  resonant  frequency  of  L,C,  in¬ 
stead  of  adjusting  L,  to  tune  L,C,  to 
the  oscillator  frequency. 

The  radio  position  receiver  is 
identical  to  Fig.  3,  the  servo  motor 
adjusting  Lj  to  tune  LjC,  to  the  os¬ 
cillator  frequency  which  has  been 
transmitted  by  radio.  The  control 
shafts  of  inductances  L,  and  L,  are 
thereby  synchronized. 

The  purpose  of  this  circuit  is  two¬ 
fold.  It  permits  a  linear  response  be¬ 
tween  the  transmitting  and  con¬ 
trolled  shafts  which  makes  for  ease 
of  control  in  many  applications.  It 
also  automatically  compensates  for 
frequency  drift  in  the  audio  oscil¬ 
lator  due  to  temperature  or  supply 
voltage  changes  because  the  servo 
motor  will  retune  the  oscillator 
should  frequency  variation  occur. 

If  a  subcarrier  system  were  em¬ 
ployed,  the  desired  number  of  con¬ 


FIG.  8 — Torque  response  curves  ol  the  control  when  set  for  resonance  at  fre¬ 
quencies  of  52.  60.  and  73  cycles.  The  solid  lines  indicate  the  resonant  frequency 
constant;  the  dashed  lines  show  the  constant  deviation  in  percent 


FIG.  9 — Essential  units  of  the  receiver  and  transmitter  of  the  radio  control  system 


trols  would  be  set  up  and  each  oscil¬ 
lator  output  would  modulate  a  sub¬ 
carrier.  The  subcarriers  would  be 
transmitted  by  a  high-frequency 
carrier  to  the  controlled  device.  The 
frequency  of  the  carrier  would  be 
determined  by  the  number  of  subcar¬ 
riers  desired. 

Small,  two-phase,  servo  motors  op¬ 
erating  in  the  type  of  circuits 


shown  will  develop  adequate  power 
to  set  the  controls  of  an  automatic 
pilot  in  any  aircraft  to  be  remotely 
guided.  More  power,  to  adjust  the 
aircraft  control  surfaces  directly, 
could  be  easily  obtained  by  having 
the  two-phase,  servo  motor  operate  a 
hydraulic  pilot  valve  or  through  the 
use  of  thyratron  tubes.  Other  inter¬ 
esting  variations  can  be  worked  out. 
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NOISE  and 


FIG.  1 — Simple  series  limiter,  requiring 
only  the  four  additional  components  inside 
the  dash-dash  rectangle 


By  EMERICK  TOTH 

Agaociate  Head,  Receiver  Section 
Ship-Shore  Radio  Diriaion 
V.  S.  Naral  tieavarch  Laboratory 
Waahington,  D.  C. 

Limiters,  as  the  name  implies, 
J  are  restrictive  devices.  The 
limiter  circuits  discussed  in  this 
report  are  curative  means  designed 
to  mitigate  the  effects  of  undesired 
electrical  disturbances  of  an  im¬ 
pulse  nature,  such  as  static,  igni¬ 
tion  noise,  and  radar  signals,  on 
the  output  of  radio  receivers 
designed  particularly  for  ampli¬ 
tude-modulated  communications 
use. 

Preventive  means  operating  di¬ 
rectly  in  the  antenna  circuit  have 
not  as  yet  been  developed  with  any 
considerable  degree  of  success.  The 
circuits  described  below  center  at 
or  near  the  final  detector  in  a  re¬ 
ceiver,  and  the  best  of  them,  when 
properly  designed  and  operated,  can 
provide  very  considerable  assistance 
in  reception  through  many  forms 
of  noise. 

Limiters  are  divided  into  three 
groups:  (1)  instantaneous  noise- 
peak  limiters,  whose  primary  use¬ 
fulness  is  in  modulated-wave 
(mew)  reception  such  as  speech 
and  music;  (2)  output  limiters, 
useful  mainly  for  continuous-wave 
(c-w)  reception,  such  as  telegraph 
signals;  (3)  circuits  not  falling  di¬ 
rectly  into  the  first  two  groups. 

InstantoMoiit  Noit*-P«ak  Limiters 

Limiters  of  this  general  group 
are  actually  operative  only  when 
the  instantaneous  value  of  the  car¬ 
rier  exceeds  some  reference  level. 


which  may  be  a  d-c  bias  voltage 
controlled  from  the  front  panel  of 
the  receiver  or,  better,  the  average 
value  of  the  rectified  carrier  itself 
as  it  appears  across  the  final  de¬ 
tector  load. 

Essentially,  an  instantaneous 
noise-peak  limiter  usually  involves 
two  circuits,  one  having  a  time- 
constant  corresponding  to  the  usual 
detector  load  circuit,  and  the  other 
having  a  much  longer  time-con¬ 
stant.  The  time-constant  differen¬ 
tial  of  these  two  circuits  is 
responsible  in  large  part  for  the 
successful  operation  of  the  limiter. 

Most  of  the  instantaneous  limi¬ 
ters  to  be  described  are  half-wave 
devices  and  operate  on  the  modula¬ 
tion  envelope  resulting  from  recti¬ 
fication  of  the  positive  half-cycles 
of  r-f  input  to  the  detector.  The 
usual  form  of  half-wave  diode  de¬ 
tector  does  not  respond  substan¬ 
tially  to  the  negative  half-cycles  of 
signal,  and  therefore  suppresses 
also  the  negative  half-cycle  of  r-f 
noise  peak  where  it  exceeds  the 
equivalent  of  100  percent  modula¬ 
tion  of  the  desired  carrier.  Full- 
wave  limiters  generally  do  not  pro-  • 
vide  a  substantial  improvement 
when  applied  to  such  detector  cir¬ 
cuits  on  mew  operation,  unless 
considerable  clipping  of  the  de¬ 
sired  modulation  is  tolerable. 

Series  Noise-Peak  Limiters 

The  most  useful  and  successful 
of  the  instantaneous  group  are 
series  noise-peak  limiters.  In  con- 
tra.st  to  others  of  this  group,  which 
have  not  been  very  effective  on  the 
longer  wave-trains  resulting  from 


The  second  and  final  part  of  this 
paper  will  take  up  six  basic  versions 
of  r*f  and  a-f  output  limiters,  an  f-m 
discriminator  for  a-m  limiting  and  a 
number  of  special  types  of  limiters, 
then  give  characteristics  of  crystal 
and  thermionic  diodes  for  limiting 
and  make  recommendations  of  the 
best  limiter  choices  for  mew  operation 
and  for  c*w  operation. 


impulse  excitation  in  receivers 
operating  below  about  10  me,  series- 
type  limiters  have  been  highly  effec¬ 
tive  in  receivers  covering  the  signal 
range  from  15  kc  to  over  400  me. 
They  also  satisfy  one  general  re¬ 
quirement  for  limiters  intended  for 
mew  use  by  not  causing  a  degree  of 
distortion  which  would  affect  the 
intelligibility  of  voice  signals  or 
seriously  impair  the  quality  of 
music,  when  the  usual  average 
values  of  carrier  modulation  are 
employed  at  the  transmitters. 

In  addition,  series  limiters  re¬ 
quire  very  few  components  over 
those  normally  found  in  the  usual 
half-wave  diode  detector,  and  are 
easily  adaptable  to  automatic  thres¬ 
hold  biasing  by  the  rectified  voltage 
of  such  a  detector.  These  limiters 
have  also  been  found  useful  for  c-w 
reception  if  care  is  taken  to  provide 
the  proper  value  of  beating  or 
heterodyne  voltage  at  the  final  de¬ 
tector. 

Simple  Series  Limiter 

Figure  1  shows  the  simplest  form 
of  series  limiter,  widely  used  in 
Navy  shipboard  receivers.  It  re¬ 
quires  only  one  fixed  capacitor,  two 
fixed  resistors,  and  an  independent 
diode  in  addition  to  the  normal 
components  of  a  diode  second  detec¬ 
tor.  No  front-panel  control  of 
threshold  for  varying  carrier  levels 
is  required,  threshold  bias  being 
automatic  in  the  sense  that  it  is 
directly  derived  from  the  rectified 
carrier.  Its  operation  can  be  briefly 
described  as  follows: 

Assume  a  rectified  d-c  potential 
of  10  volts  developed  across  and 
/?,  in  Fig.  1  by  a  constant  carrier. 
The  cathode  of  the  limiter  diode 
is  then  initially  at  about  —10  volts 
with  respect  to  ground  because  of 
its  connection  to  point  A  through 
and  R^,  while  the  limiter  plate  is 
at  about  —5  volts  to  ground.  The 
plate  is  thus  momentarily  6  volts 
positive  with  respect  to  the  cathode 
and  the  limiter  diode  becomes  con¬ 
ductive,  its  resistance  being  fairly 
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Comprehensive  two-part  survey  of  instantaneous  noise-peak  and  output  limiters  for  a-m 
communications  receivers.  Eleven  noise  limiter  circuits  are  presented  in  this  part  with 
representative  values  of  components,  analysis  of  operation,  and  conclusions  as  to  usefulness 


low  compared  to  the  other  resist¬ 
ance  values  in  the  circuit.  Output 
capacitor  C»  is  thereby  connected 
through  the  conductive  diode  to 
junction  B,  so  that  a  constant  modu¬ 
lated  r-f  carrier  input  provides  a-f 
output.  This  output  is  about  45 
percent  of  what  it  could  be  without 
the  limiter,  but  generally  this  re¬ 
duction  is  of  little  significance 
since  it  usually  affects  only  the  re¬ 
serve  gain  and  not  the  sensitivity 
of  the  receiver. 

Under  the  above  conditions, 
capacitor  C,  is  charged  through 


MCW  OPERATION:  30% 
MODULATION  AT  AOOCPS 
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LIMITER  ON 
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OSCILLATOR  ON- ABOUT 
400  CPS  OUTPUT 


LIMITER  ON 


FIG.  2 — Oscilloscope  tracings  oi  audio  out¬ 
put  of  receiTor,  illustrating  noise  suppres¬ 
sion  oi  simple  series  limiter.  Signal  input 
to  receirer  is  80  microTolts,  and  aTC  is  off 


1-megohm  resistor  to  a  potential 
of  about  —7  volts.  Any  appreciable 
change  in  this  potential  would  re¬ 
quire  about  0.01  second,  due  to  the 
time-constant  of  /2«C,.  The  time- 
constant  of  {Ri  +  Rt)Ci  is,  however, 
only  about  60  microseconds,  so  that 
the  potential  at  the  limiter  diode 
plate  can  change  in  about  l/200th 
of  the  time  required  for  its  cathode 


to  assume  a  new  potential.  There¬ 
fore,  if  a  noise  potential  of  perhaps 
100  volts  suddenly  appears  across 
R,  -f-  Ri  and  brings  the  plate  of  the 
limiter  diode  to  —50  volts  from 
ground  potential,  the  diode  plate 
becomes  about  43  volts  more  nega¬ 
tive  than  its  cathode  and  the  diode 
stops  conducting.  This  in  effect 
disconnects  output  capacitor  C* 
from  point  B,  and  the  a-f  amplifier 
has  no  appreciable  input  for  the 
duration  of  the  noise  modulation. 
By  the  time  that  the  cathode  of  the 
limiter  diode  has  assumed  an  effec¬ 
tively  more  negative  potential,  the 
noise  pulse  will  usually  have  de¬ 
cayed  and  the  limiter  diode  w’ill 
have  become  conductive  again,  re¬ 
storing  the  a-f  input  to  the  audio 
amplifier. 

With  this  limiter,  appreciable 
distortion  can  be  seen  on  an  oscillo¬ 
scope  only  above  approximately  40 
percent  modulation.  In  listening 
tests  involving  both  speech  and 
music,  most  personnel  have  found 
it  extremely  difficult  to  detect  dis¬ 
tortion  by  ear  on  transmission 
maintaining  an  average  modulation 
level  of  between  30  and  40  per¬ 
cent,  a  condition  commonly  encoun¬ 
tered.  With  the  circuit  constants 
shown  in  Fig.  1,  the  time- 
constant  of  recovery  from  surge 
input  is  very  satisfactory,  an 
item  of  importance,  especially  in 
shipboard  receivers. 

It  should  be  noted  that  the  modu¬ 
lation  threshold  value  given  above 
applies  to  distortion  of  only  that 
half  of  the  audio  envelope  appear¬ 
ing  across  the  detector  load  which 
corresponds  to  increasing  rectified 
current,  the  other  half-cycle  being 
unaffected  with  a  half-wave  limiter. 
This  is  likewise  true  of  most  of  the 
limiters  described  below. 


FIG.  3 — Modulation  distortion  curves  as 
measured  at  output  of  typical  communica¬ 
tions  receiver  using  simple  series  limiter. 
The  ovc-oii  curves  are  substantially  the 
same  as  lor  weak-signal  avc-on  operation. 
Signal  input  frequency  is  4,000  kc.  a-i  out¬ 
put  frequency  is  1.000  cycles,  and  signal 
input  level  is  1.000  microvolts 


Oscilloscope  tracings  illustrating 
the  operation  of  the  simple  series 
limiter  on  both  mew  and  c-w  sig¬ 
nals  in  a  typical  receiver  appear  in 
Fig.  2.  On  c-w,  the  beat  oscillator 
acts  to  produce  operation  of  the 
limiter  similar  to  that  with  a  very 
low  percentage  of  desired  signal 
modulation  at  the  detector. 

Modulation  distortion  under  vari¬ 
ous  conditions  of  mew  operation  is 
indicated  by  the  curves  in  Fig.  3. 
The  change  in  threshold  of  limiter 
action  between  weak  and  strong 
signals  is  particularly  evident. 

Operation  of  the  series  limiter 
on  c-w  reception  may  be  improved 
by  the  incorporation  of  some  addi¬ 
tional  degree  of  r-f  limiting  in  the 
i-f  (or  r-f)  amplifier  immediately 
preceding  the  final  detector.  This 
can  take  the  form  of  an  added  grid 
leak  and  capacitor  between  the  con¬ 
trol  grid  and  the  i-f  transformer 
of  this  amplifier  stage.  The  resul¬ 
tant  better  i-f  limiting  will  allow 
the  use  of  a  lower  beat  oscillator 
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injection  voltage  to  the  detector 
without  abrogating  resonant  over¬ 
load  performance,  a  condition 
favoring  good  operation  of  the  lim¬ 
iter  following  the  detector. 

Seri*s-Type  Noise  Limiter  Witk 
Threshold  Adjustment 

With  a  potentiometer  substituted 
for  fixed  resistor  Ri  in  the  circuit 
of  Fig.  1,  the  limiter  threshold  can 
be  varied  from  about  65  percent 
modulation  down  to  substantially 
zero  percent  (on  half  the  modula¬ 
tion  cycle) .  This  control  varies  the 
d-c  bias  due  to  the  rectified  carrier 
at  the  cathode  of  the  limiter  diode, 
which  bias  determines  the  limiting 
threshold. 

The  modified  circuit,  shown  in 
Fig.  4,  may  also  include  an  addi¬ 
tional  diode.  This  is  shunted 
across  resistor  Ra  to  buck  the  inter¬ 
nal  (thermionic)  potential  of  the 
limiter  diode,  as  this  residual  volt¬ 
age  reduces  the  effectiveness  of 
the  limiter  at  low  carrier  levels  by 
raising  the  limiting  threshold  in 
terms  of  modulation  percentage. 
The  voltage  built  up  across  Ra  due 


FIG.  4 — Series-type  noise  limiter  with 
threshold  adjustment  so  that  limiter  opera¬ 
tion  can  be  set  to  start  anywhere  in  range 
from  0  to  65  percent  modulation 
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FIG.  5 — Low-loss  series  limiter,  requiring 
three  more  components  than  the  simplest 
▼ersion  in  Fig.  1 


to  rectified  direct  current  from  the 
detector  will,  together  with  the 
time-constant  of  C,  and  the  grid 
resistor  in  the  first  a-f  stage,  tend 
to  maintain  this  additional  diode 
biased  to  cutoff,  except  on  weak  sig¬ 
nals.  The  price  paid  for  this  im¬ 
provement  in  weak-signal  limiting, 
however,  is  generally  a  considerable 
increase  in  audio  distortion  at  all 
useful  levels.  Making  the  time- 
constant  of  Cs  and  the  audio  ampli¬ 
fier  grid  leak  equal  to  that  of  RtC, 
will  assist  in  keeping  this  increase 
in  distortion  to  a  minimum. 

Low-Loss  Serlos-Type  Noise  Limiter 

The  reversal  of  cathode  and  plate 
connections  of  the  limiter  diode  in 
the  variation  of  the  series-t3rpe  lim¬ 
iter  shown  in  Fig.  5  necessitates 
the  use  of  two  more  resistors  and  a 
capacitor  (over  those  required  by 
the  simplest  form)  to  provide  the 
required  biasing  and  RC  delay  cir¬ 
cuits  for  the  diode  elements.  It 
has,  however,  the  advantage  of  pro¬ 
viding  the  a-f  amplifier  with  a 
higher  percentage  of  the  a-f  voltage 
appearing  across  the  detector  diode 
load,  as  contrasted  with  the  circuit 
of  Fig.  1.  For  a  comparable  degree 
of  modulation  distortion,  this  im¬ 
proved  transfer  of  a-f  voltage  will 
amount  to  about  2  or  3  db,  which 
is  usually  not  of  great  importance 
unless  the  receiver  is  deficient  in 
reserve  gain. 

The  cathode  of  limiter  diode  D, 
is  biased  negative  relative  to  its 
plate  by  connection  to  the  junction 
of  detector-load  resistors  R,  and  Rt 
through  resistors  JR,  and  R^.  RiCt 
provides  a  long  time-constant  cir¬ 
cuit  similar  to  R^C^  in  Fig.  1  while 
Ra  serves  as  the  cathode  load  re¬ 
sistor  across  which  the  limiter  out¬ 
put  voltage  is  developed  in  a  man¬ 
ner  similar  to  Ra  in  Fig.  1.  Capaci¬ 
tor  Cs  provides  a-f  coupling  to  the 
plate  of  Ds  for  the  detector  audio 
output  voltage  appearing  between 
the  junction  of  /2i  and  /2,  and 
ground.  Resistor  R,  serves  only  as 
an  r-f  filter  element.  The  action  of 
this  circuit,  in  limiting  peaks  of 
noise  or  other  modulation  is  identi¬ 
cal  to  the  circuit  shown  in  Fig.  1, 
the  plate  of  D,  being  free  to  follow 
variations  in  detector  a-f  output 
voltage,  while  the  cathode  circuit 
is  held  by  the  longer  time  constant 
of  RiC*. 


Hum  is  one  of  the  serious  diffi¬ 
culties  in  any  system  wherein  audio 
signals  are  taken  from  a  relatively 
high  value  of  resistance  load  lo¬ 
cated  in  the  cathode  circuit  of  an 
a-c  heated  vacuum  tube.  The  heater- 
cathode  capacitance  of  the  most 
widely  used  receiver  tubes  will  be  on 
the  order  of  5  to  10  jn/if,  which  at 
60  cps  presents  a  capacitive  react¬ 
ance  of  250  to  500  megohms.  With 
a  resistive  load  between  cathode 
and  ground  of  perhaps  0.5  megohm, 
about  0.1  percent  of  the  heater-to- 
ground  potential  will  appear  across 
the  cathode  resistor.  This  would 
be  about  6  millivolts  with  a  6.3-volt 
heater. 

Hum  Reduction  in  Simple  Series 
Limiter 

When  using  the  simple  series 
limiter  circuit  of  Fig.  1  with  a  6H6 
duodiode,  the  hum  voltage  appear¬ 
ing  across  Ra  may  be  approximately 
halved  by  grounding  that  end  of  the 
heater  which  is  closer  to  the  cathode 
element  used  for  the  limiter  diode, 
since  in  the  6H6  the  individual 
diode  heater  windings  are  in  series. 
With  even  fairly  high-gain  a-f  am¬ 
plifiers,  however,  the  hum  will 
usually  be  troublesome  even  though 
this  precaution  is  taken. 

The  circuit  arrangement  in  Fig. 
6  has  been  found  highly  satisfac¬ 
tory  for  further  reducing  hum  from 
the  series  limiter.  The  reduction 
obtained  will  generally  be  on  the 
order  of  20  db  with  normal  com¬ 
mercial  variations  in  tubes  and 
other  components.  The  cathode  re¬ 
sistor  of  the  a-f  amplifier  following 
the  limiter  will  not  be  bjqjassed  to 
ground,  resulting  in  some  decrease 
in  the  gain  otherwise  obtained  from 
this  audio  stage,  due  to  degenera¬ 
tion.  Two  additional  capacitors 
and  a  resistor  are  required  over 
those  needed  for  a  normal  a-f  am¬ 
plifier  input  system  with  unby¬ 
passed  cathode. 

The  equivalent  circuit  is  that  of 
a  bridge,  with  as  the  limiter 
diode  heater  voltage  (normally 
grounded  on  one  side  in  most  re¬ 
ceivers)  and  C»k  as  the  heater- 
cathode  capacitance.  Ra  and  C,  form 
another  arm  of  the  bridge  and  are 
shunted  by  the  equivalent  resistance 
R„  which  is  a  composite  of  R,. 
R^y  the  effective  resistance  of  D,. 
etc.  i?7  is  the  cathode  bias  resistor 
for  a-f  amplifier  tube  V„.  The 
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FIG.  6 — Hum-reduction  Torsion  of  simple 
series  limiter,  with  equiTolent  circuit  ar¬ 
ranged  to  show  bridge  configuration 

bridge  configuration  is  completed 
by  capacitor  C5,  which  is  connected 
between  the  ungrounded  side  of  the 
heater  supply  and  the  cathode  of  V a. 
Fortunately,  the  value  of  C#  with 
the  usual  limiter  circuit  values  is 
quite  low;  in  the  circuit  shown  it 
is  only  150  fi^f.  It  should  be  noted 
that  this  hum-bridge  scheme  allows 
normal  location  and  operation  of  the 
a-f  gain  control  Rs,  even  to  the  ex¬ 
tent  that  despite  unbypassed  cath¬ 
ode  resistor  i?,,  the  gain  control  can 
reduce  the  input  to  Va  substantially 
to  zero,  since  its  low  end  returns  to 
the  cathode  of  V^.  It  should  also  be 
noted  that,  if  a  limiter  on-off 
switch  is  used,  two  different  values 
of  Ct  will  be  required,  due  to  slight 
’Changes  in  bridge  configuration 
when  switching  from  the  cathode  to 
the  plate  of  the  limiter  diode. 

Balanced-Detector  Noise  Limiter 

The  circuit  of  Fig.  7  functions  as 
a  balanced  bridge  arrangement  for 
detector  voltages  above  the  limiting 
threshold,  with  unbalance  being 
maintained  at  all  other  times.  It 
must  be  adjusted  manually  for  each 
•carrier  level,  but  automatic  opera¬ 
tion  can  be  achieved  by  adding  an¬ 
other  diode,  as  in  Fig.  8. 

When  the  contact  arm  of  Ro  in 
Fig.  7  is  at  the  grounded  end  of  R. 
and  R,  is  set  equal  to  R,  (47,000 
ohms),  R„  R„  R„  and  R*  form  a  bal¬ 
anced  resistance-bridge  circuit 


which  is  fed  from  the  i-f  output 
through  the  second  detector  and 
noise  limiter  diodes.  If  both  diodes 
rectify  in  phase  and  their  loads  are 
equal,  the  a-f  output  across  Rj  is 
essentially  zero.  When  the  limiter 
diode  is  made  inoperative  by  ad¬ 
justing  R«  to  bias  its  cathode  wdth 
a  positive  d-c  voltage,  the  bridge 
becomes  unbalanced  and  a-f  output 
is  obtained  when  a  constant  modu¬ 
lated  carrier  input  is  present.  If, 
now,  a  noise  peak  arrives  that  ex¬ 
ceeds  the  limiter  diode  bias,  the 
bridge  will  be  rebalanced  and  sub¬ 
stantially  no  a-f  output  will  be  ob¬ 
tained  for  that  part  of  the  noise 
peak  during  which  it  exceeds  the 
diode  bias  voltage. 

The  limiter  normally  is  initially 
balanced  by  adjusting  R,,  and  is 
thereafter  adjusted  for  each  car¬ 
rier  level  and  desired  modulation 
threshold  only  by  means  of  front- 
panel  control  R,.  Adjustment  of  R#, 
however,  disturbs  the  balance  of  the 
bridge  by  varying  the  resistance  of 
one  arm,  hence  it  may  be  desirable 
to  gang  a  variable  resistor  with  R, 
.so  as  to  hold  its  equivalent  resis¬ 
tance  constant.  For  most  effective 
operation,  the  time-constant  of 
(R.  R2)Ci  should  equal  that  of 
(R.,  -h  Rt)Cs  for  all  settings  of  R#, 
and  the  capacitances  of  the  two 
diodes  should  be  equal. 

During  tests  at  U.  S.  broadcast 
frequencies,  no  improvement  in  re¬ 
ceiver  performance  was  discernible 
with  this  limiter,  improvement  be¬ 
coming  noticeable  only  above  about 
10  me  and  only  on  ignition-pulse 
types  of  interference.  The  need  for 
adjusting  to  changing  carrier  val¬ 
ues  makes  this  circuit  practically 
useless  on  fading  signals,  unless 
limiter  control  settings  such  as 
would  cause  serious  distortion  are 
tolerable.  No  appreciable  limiting 
was  obtained  on  c-w  reception  em¬ 
ploying  a  beat  oscillator. 

Automatic  Balanced-Detector  Noise 
Limiter 

By  adding  another  diode  circuit 
tp  the  arrangement  of  Fig.  7,  auto¬ 
matic  operation  is  obtained,  elimi¬ 
nating  adjustment  of  a  balancing 
potentiometer  with  each  change  in 
carrier  level.  The  additional  diode 
is  operated  from  a  tertiary  winding 
on  the  final  i-f  transformer,  as 
shown  in  Fig.  8.  This  diode  rectifies 


the  i-f  carrier  to  provide  a  d-c  bias 
of  about  twice  the  mean  rectified 
voltage  furnished  by  the  detector 
diode,  so  that  limiting  does  not  take 
place  on  modulation  depths  below 
about  100  percent.  The  bias  voltage 
is  applied  to  R,  at  the  point  where 
Re  (Fig.  7)  introduces  the  bias  in 
the  manually  controlled  circuit.  The 
cathode  delay  bias  on  the  noise  lim¬ 
iter  diode  is  thus  maintained  auto¬ 
matically  at  a  substantially  constant 
ratio  with  respect  to  the  carrier  in¬ 
put.  The  depth  of  modulation  at 
which  audio  distortion  begins  is 
mainly  determined  by  the  ratio  of 
the  rectified  voltage  supplied  by  the 
automatic  biasing  diode  to  that  sup¬ 
plied  by  the  detector  diode.  The 
limitations  in  performance  of  this 
circuit,  however,  are  otherwise  sim¬ 
ilar  to  those  applying  to  Fig.  7.‘ 

Balancing-Type  Noise  Limiter 

The  balancing  (or  bucking)  ef¬ 
fect  of  a  diode  shunted  across  the 
second  detector  wdth  reversed  po¬ 
larity  is  used  in  the  circuit  of  Fig. 
9.  When  the  limiting  threshold  is 
passed,  as  on  noise  peaks,  the  varia¬ 
tions  in  limiter  diode  current  op¬ 
pose  the  normal  demodulation  cur¬ 
rent  in  the  second  detector. 

Assume  that  an  unmodulated  car- 


FIG.  7 — Balanced-detector  noise  limiter 


FIG.  8 — Automatic  balanced-detector  noise 
limiter 
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rier  produces  a  rectified  potential  of 
10  volts  across  second  detector  diode 
load  Ri,  making  point  A  10  volts 
negative  with  respect  to  ground. 
Then,  on  positive  peaks  of  carrier 
input,  point  D  will  be  close  to 
ground  potential,  because  point  A 
remains  relatively  constant  over  an 
r-f  cycle  and  the  10-volt  positive  r-f 
peak  across  the  i-f  transformer  sec¬ 
ondary  acts  to  cancel  the  negative 
10  volts  at  A.  On  negative  peaks, 
point  D  will  therefore  be  about  —20 
volts  with  respect  to  ground. 

The  voltage  impressed  across  the 
noise  limiter  diode  in  series  with  Rt 
will  then  vary  between  substantially 
zero  and  —20  volts  at  an  r-f  rate. 
This  builds  up  a  potential  of  about 
—20  volts  across  capacitor  Ct, 
thereby  biasing  the  limiter  diode 
plate  20  volts  negative  with  respect 
to  ground.  The  net  effect  is  that  the 
second  detector  diode  is  shunted  by 
a  high  impedance,  between  about 
2.5  to  5  megohms  for  the  value  of  R, 
shown,  until  such  a  time  as  the  i-f 
input  voltage  increases  substan¬ 
tially  above  the  10- volt  value,  as  on 
a  noise  peak  or  with  modulation  of 
the  carrier.  When  this  occurs,  the 
limiter  diode  becomes  conductive 
for  all  portions  of  the  modulated 
wave  having  an  instantaneous  value 
in  excess  of  10  volts  negative.  It 
should  be  noted  that  the  audio  volt¬ 
age  appearing  across  C,  is  added 
to  the  instantaneous  negative  volt- 


FIG.  11 — Diode  shunt-type  noise  limiter 


FIG.  12 — Modified  shunt  noise  limiter 


age  peaks  appearing  across  the  sec¬ 
ondary  of  Ti,  in  addition  to  the 
mean  value  of  rectified  carrier  volt¬ 
age  across  Ri.  Since  the  time-con¬ 
stant  of  R^t  is  long,  about  0.05  to 
0.1  second,  C,  will  serve  mainly  as 
a  coupling  capacitance  to  /2i  as  re¬ 
gards  a-f  variations.  These  varia¬ 
tions,  being  of  opposite  polarity  to 
those  across  Ri,  will  tend  to  cancel 
the  latter  on  half  the  audio  cycle. 
The  magnitude  of  the  cancellation 
effect  will  depend  on  the  impedance 
of  the  limiter  diode  when  conduct¬ 
ing,  which  in  turn  will  depend  on 
the  values  of  the  impressed  volt¬ 
ages  and  Rtt  so  that  better  cancella¬ 
tion  will  in  general  be  obtained  as 
Rs  approaches  R^  in  value.  This 
would  necessitate  increase  of  C,  to 
a  large  value  to  maintain  the  time- 
constant  of  RiC,  at  the  desired  mag¬ 
nitude,  and  would  increase  the  a-c 
loading  across  R^  as  regards  audio 
output,  seriously  affecting  modula¬ 
tion  distortion  except  with  the  lim¬ 
iter  disabled. 

The  modulation  distortion  of  this 
type  of  limiter  is  quite  high,  even 
on  relatively  low  modulation  depths, 
with  effective  limiting  of  noise 
peaks.  Although  the  distortion  can 
be  reduced  by  various  expedients, 
perhaps  the  most  attractive  feature 
of  the  circuit  is  its  ability  to  pro¬ 
vide  about  twice  the  normally  ob¬ 
tainable  avc  voltage  when  the  d-c 
potential  across  R,  is  utilized. 


Triode  Shaat-Type  Noisa  Uaiitar 

The  circuit  of  Fig.  10  employs 
the  plate  resistance  of  a  triode 
shunted  across  a  portion  of  the  sec¬ 
ond  detector  diode  load,  the  mag¬ 
nitude  of  the  shunt  resistance  being 
controlled  by  the  grid  and  plate 
voltages,  which  act  in  conjunction 
with  differential  time-constants. 

Assuming  a  carrier  input  that 
produces  a  total  rectified  voltage  of 
10  volts  across  the  diode  load  (be¬ 
tween  A  and  D),  potentials  relative 
to  the  second  detector  cathode  will 
be  —10  volts  for  A,  about  —8  volts 
for  B,  and  about  —5.3  volts  for  C. 
The  triode  plate  is  thus  8  volts  posi¬ 
tive  with  respect  to  its  cathode, 
while  its  control  grid  (connected 
to  A  through  i?«)  is  2  volts  negative, 
For  a  triode  with  a  of  20,  this 
produces  plate  current  cutoff,  so 
that  the  triode  plate  resistance  is 
high  and  has  little  shunting  effect 
on  second  detector  load  resistor  i2, 
and  R».  Now  if  a  100-volt  noise 
pulse  suddenly  appears  between 
points  A  and  Z>,  the  triode  plate- 
cathode  voltage  rises  to  80  volts 
relatively  long  before  the  grid  po¬ 
tential  can  change,  since  the  plate 
circuit  time-constant  is  about  12 
microseconds  while  that  of  the  grid 
circuit  is  about  50  milliseconds.  The 
triode  then  becomes  conductive  and 
shunts  section  B-D  of  the  detector 
load  for  the  duration  of  the  noise 
pulse,  thereby  reducing  the  audio 
output  from  the  detector.  The  noise 
disturbance  should  subside  before 
the  control  grid  swings  suflSciently 
negative  to  stop  this  limiting  action. 

The  percentage  of  modulation  at 
which  audio  distortion  due  to  the 
limiter  appears  depends  upon  the 
type  of  triode  used,  the  relative 
values  of  /?„  i?„  and  R»,  the  time- 
constants  involved,  and  the  absolute 
carrier  level.  The  higher  carrier 
levels  produce  no  distortion  (and  no 
limiting).  Serious  distortion,  how¬ 
ever,  has  been  observed  for  modula¬ 
tion  as  low  as  10  percent  with  low 
signal  levels.  Effective  limiting 
action  is  restricted  to  a  narrow 
range  of  carrier  input  levels,  gen¬ 
erally  being  evident  above  10  me  in 
carrier  frequency. 

Simple  Diode  Sheet-Type  Noise  Limiter 

In  Fig.  11  is  shown  the  simplest 
limiter  of  them  all,  requiring  only 
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an  additional  resistor  and  a  capaci¬ 
tor,  along  with  an  independent 
diode. 

Here  Ri  and  /?„  bypassed  by  Ci, 
provide  a  detector  diode  load  with  a 
time-constant  of  about  10  micro¬ 
seconds,  to  which  is  connected  the 
cathode  of  the  noise  limiter  diode. 
The  limiter  plate  circuit  time-con¬ 
stant  is  1  second,  so  that  the  lim¬ 
iter  diode  conducts  and  shunts  the 
detector  diode  load  on  noise  (and 
modulation)  peaks.  During  such 
peaks,  the  a-f  output  of  the  de¬ 
tector  is  reduced  by  an  amount 
v^rhich  depends  on  the  value  of  R, 
plus  the  portion  of  Ri  between  point 
A  and  the  limiter  cathode,  the  posi¬ 
tion  of  the  variable  contact  on  Ru 
and  the  noise  peak  voltage.  The 
depth  of  modulation  above  which 
distortion  begins  is  determined  by 
the  relative  values  of  Ri  and  Rt  and 
by  the  setting  of  Ri.  The  perform¬ 
ance  of  this  limiter  was  not  very 
good,  some  improvement  being  evi¬ 
dent  on  pulse-t3rpe  interference  on 
signals  above  10  me.  The  shunting 
effect  of  the  limiter  diode  is  appre¬ 
ciable  only  when  the  variable  con¬ 
tact  on  Ri  approaches  point  B. 

Modified  Shmit-Typ*  Nolt*  Llmit*r 

The  limiter  circuit  in  Fig.  12  re¬ 
sembles  the  series-type  limiter  of 
Fig.  1  except  that  the  plate  of  the 
limiter  diode  and  the  low  end  of  its 
cathode  resistor  are  interchanged. 
As  a  result,  the  limiter  diode  acts 
to  shunt  C,  thereby  reducing  the  a-f 
output  voltage  whenever  a  noise- 
peak  makes  the  diode  conductive. 
The  arrangement  shown  permits 
grounding  the  low  end  of  the  i-f 
transformer  secondary  when  desir¬ 
able  for  stability  reasons. 

Assume  a  constant  carrier  mak¬ 
ing  point  E  on  the  detector  diode 
load  10  volts  negative  with  respect 
to  A  (ground).  Points  B  and  C  are 
then  both  —5  volts  to  ground  be¬ 
cause  the  limiter  diode  is  noncon¬ 
ducting,  its  plate  being  effectively 
at  the  —10  volt  potential  of  E.  The 
plate  circuit  time-constant  is  much 
longer  than  that  of  the  cathode  cir¬ 
cuit  of  the  limiter,  so  that  any  noise 
surge  in  excess  of  20  volts  across 
the  entire  detector  load  drives  the 
cathode  of  the  limiter  diode  more 
than  10  volts  negative  with  respect 
to  ground  and  the  diode  conducts, 
shunting  the  input  to  the  follow¬ 


ing  a-f  stage.  This  shunting  action 
is  made  more  effective  by  series 
cathode  resistor  i?,,  which  with  the 
limiter  diode  closed  acts  as  part  of 
a  voltage  divider  to  attenuate  de¬ 
tector-load  voltage  peaks.  Limiting 
action  ceases  when  C  becomes  posi¬ 
tive  with  respect  to  D  due  either  to 
decay  of  the  noise  pulse  or  to  charg¬ 
ing  up  of  C,.  The  limiter  will  begin 
to  cause  audio  distortion  at  about 
100-percent  modulation  for  the 
values  shown.  If  R^  equals  0.4  /2i, 
distortion  will  begin  at  about  40 
percent  modulation  and  a  greater 
percentage  of  the  a-f  output  de¬ 
veloped  across  the  detector  load  will 
be  available  to  the  following  a-f 
amplifier.  This  limiter  has  been 
found  to  be  much  more  effective 
than  the  simple  shunt  limiter,  al¬ 
though  not  as  good  as  the  simple 
series-type  limiter  at  the  lower  car¬ 
rier  frequencies. 

Degenerative  Noise  Limiter 

Degenerative  feed  to  the  i-f  am¬ 
plifier  prior  to  final  detection  is 
used  in  the  circuit  of  Fig.  13.  A 
portion  of  the  output  from  the  first 
i-f  amplifier  is  amplified  in  the  first 
and  second  noise  limiter  amplifiers, 
and  the  resulting  i-f  output  is  cou¬ 
pled  into  a  full-wave  rectifier  hav¬ 
ing  Ri  as  a  load.  The  d-c  voltage 
developed  across  Ri  provides  the 
bias  for  the  injector  grid  of  a  6L7 
pentode  serving  as  the  final  i-f  am¬ 
plifier  tube.  Front-panel  control  Rt 
provides  a  positive  delay  voltage  for 
the  diode  cathodes,  to  prevent  rec¬ 
tification  until  signal  or  noise  peaks 
exceed  this  bias.  Since  the  time- 
constant  of  the  diode  load  is  only 
5  microseconds,  the  d-c  potential 


across  Ri  can  fluctuate  at  a  rate  of 
up  to  about  200  kc. 

If  the  normal  carrier  peak  im¬ 
pressed  across  the  diodes  is  10 
volts  and  the  delay  bias  is  5  volts, 
the  diodes  do  not  rectify  (since  each 
gets  only  half  the  applied  voltage) 
and  the  6L7  injector  grid  then  has 
substantially  no  bias  relative  to 
ground.  Now  if  a  100- volt  noise 
peak  appears  across  the  secondary 
of  the  diode  transformer,  the  delay 
bias  on  each  diode  is  exceeded  by 
45  volts  and  a  negative  potential  of 
about  45  volts  is  therefore  applied 
to  the  6L7  injector  grid.  If  this 
change  in  injector  grid  potential 
occurs  simultaneously  and  in  op¬ 
position  to  the  change  in  the  con¬ 
trol  grid  potential  of  the  6L7  due  to 
the  same  noise  pulse  and  at  the 
same  rate,  the  effects  of  the  noise 
pulse  on  the  second  detector  can  be 
reduced  considerably  by  the  result¬ 
ing  bucking  action.  Ideal  phase  and 
amplitude  balance  usually  are,  how¬ 
ever,  difficult  to  achieve,  due  in 
large  part  to  the  many  circuits  in¬ 
volved  in  the  noise  limiter  amplifier 
and  rectifier  channel. 

This  limiter  requires  manual  ad¬ 
justment  of  the  threshold  of  opera¬ 
tion  and  is  useless  on  fading  sig¬ 
nals.  Circuits  may  be  added  to  pro¬ 
vide  automatic  biasing  from  an  ad¬ 
ditional  avc  system,  re&ulting,  how¬ 
ever,  in  almost  prohibitive  complex¬ 
ity.  One  version  of  this  latter  form 
has  been  found  to  be  almost  as  ef¬ 
fective  as  the  simple  series  limiter 
at  the  higher  signal  frequencies. 
Modulation  distortion  is  deter¬ 
mined  by  the  delay  bias  obtained 
from  R,  or  by  the  accessory  avc  bias 
in  the  automatic  form. 


FIG.  13 — Degenerative  noise  limiter,  acting  between  first  and  second  i-f  stages 
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TEST  OSCILLOSCOPE 

for  Television 


A  modified  standard  oscilloscope  is  used  to  measure  television  transmitter  modulation. 
Either  the  radio  frequency  or  a  video  signal  can  be  used  for  synchronization.  Design  and 
installation  of  additional  circuit  elements  is  discussed 


There  has  been  a  definite  need 
for  some  simple  means  of 
checking  the  modulation  of  televi¬ 
sion  transmitters  quickly  and  with 
reasonable  accuracy.  No  commer¬ 
cial  equipment  suitable  for  opera¬ 
tion  at  the  high  carrier  frequencies 
involved  has  thus  far  become 
available. 

It  is  possible  to  modify  a  com¬ 
mercial  oscilloscope  so  that  the 


technique  of  employing  a  trape¬ 
zoidal  pattern  to  measure  modula¬ 
tion,  used  in  sound  broadcasting, 
may  be  adapted  to  television.  The 
equipment  provides  a  convenient 
means  of  determining  the  percent 
of  carrier  amplitude  devoted  to 
synchronizing  pulses  and  hence 
compliance  with  the  standard. 

The  modification  necessary  con¬ 
sists  of  providing  a  linear  horizon¬ 


tal  sweep  at  half  the  line  or  frame 
scanning  frequency  and  of  adaptin^^ 
the  input  circuits  to  the  television 
carrier  frequencies.  The  modified 
circuit  of  such  an  instrument  is 
shown  in  Fig.  1. 

Choice  of  Sfondord  Oscilloscope 

Use  of  the  type  5JP1  cathode-ray 
tube  is  advantageous  since  the  de¬ 
flection  plate  leads  terminate  on  the 
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bulb.  This  feature  minimizes 
capacitance  coupling  between  hori¬ 
zontal  and  vertical  plates,  and 
simplifies  the  r-f  circuit.  It  is  desir¬ 
able  to  shield  the  tube  electro¬ 
statically  by  wrapping  it  in  a  sheet 
of  copper  foil  as  shown  in  Fig.  2, 
and  to  provide  an  aluminum  or  brass 
case  for  the  whole  instrument.  In 
addition  to  shielding  it  is  wise  to 
isolate  the  leads  from  the  horizon¬ 
tal  sweep  amplifier  by  some  resis¬ 
tance  to  prevent  any  possibility  of 
resonance  in  these  lines.  For  this 
purpose  1,000  ohms  was  found 
satisfactory. 

Filament,  anode  and  bias  supply 
circuits  are  those  commonly  em¬ 
ployed  in  most  oscilloscopes,  with 
the  exception  that  the  high  voltage 
supply  should  have  a  positive 
ground.  This  feature  is  important 
since  it  permits  grounding  the 
center  tap  of  the  tuned  circuit  and 
the  use  of  low  voltage  r-f  bypass 
capacitors  on  the  horizontal  deflec¬ 
tion  plates.  The  plate  supply  of  the 
critical  stages  of  the  sweep  ampli- 
tier  is  regulated  and  the  horizontal 
sweep  oscillator  and  amplifier  are 
similar  to  those  of  conventional 
oscilloscopes  with  the  exception  of 
the  synchronizing  circuit  and 
sweep-speed  control. 

The  most  critical  consideration 
when  using  very  high  frequencies 
for  vertical  deflection  is  the 
tendency  of  these  voltages  to  stray 
over  to  the  horizontal  deflection 
plates,  causing  a  curvature  of  the 
parts  of  the  pattern  that  should  be 
vertical.  The  resulting  image  dis¬ 
tortion  can  be  prevented  by  sym¬ 
metrical  voltage  distribution  in  the 


r-f  circuit  and  effective  r-f  bypass¬ 
ing  of  the  horizontal  deflection 
plate  leads.  Capacitors  must  be  se¬ 
lected  that  will  have  a  low  re¬ 
actance  at  carrier  frequency  but 
a  high  reactance  through  the 
tenth  harmonic  of  the  horizontal 
sweep  frequency.  A  250  micro¬ 
microfarad  capacitor  has  a  re¬ 
actance  of  10.7  ohms  at  60  mega¬ 
cycles  and  8,100  ohms  at  7,875  x  10 
cycles  and  gives  good  results.  The 
frequency  7,875  is  one  half  the 
15,750  cycles  required  for  horizon¬ 
tal  scan  in  525-line  television. 
This  sweep  frequency  permits  pat¬ 
terns  of  two  scan  lines  to  be  shown 
on  the  screen. 

The  vertical  deflection  plates  are 
driven  by  a  tuned  circuit  that  pro¬ 
vides  enough  voltage  at  resonance 
to  produce  adequate  deflection  with 
small  power  input.  In  the  lower 
group  of  television  channels,  44  to 
88  megacycles,  a  split-stator  capaci¬ 
tor  of  20  to  30  micromicrofarads 
per  section  is  used  for  tuning.  It 
is  not  necessary  to  load  the  circuits 
to  pass  the  wide  sideband  since  the 
highest  frequency  components  in 
the  extremes  of  the  sideband  are 
not  necessary  for  ordinary  meas¬ 
urements. 

The  center  of  the  coil  feeding 
the  vertical  deflection  plates  must 
be  grounded  to  provide  the  required 
d-c  potential  on  these  plates.  The 
rotor  of  the  tuning  capacitor  may 
also  be  grounded.  This  common 
ground  must  be  connected  to  the 
shield  on  the  cathode-ray  tube  by 
a  strap,  ribbon,  or  wire  of  large 
area  and '  as  short  as  is  feasible. 
Such  an  arrangement  assures  sym¬ 


metry  of  voltage  on  the  vertical  de¬ 
flection  plates  and  reduces  coupling 
to  the  horizontal  plates. 

A  coil  suitable  for  the  lower 
group  of  television  frequencies  can 
be  wound  with  no.  12  wire  on  a  i- 
inch  form.  An  8-turn  coil  of  this 
diameter  has  been  found  suitable 
for  the  60-  to  66-megacycle  chan¬ 
nel.  One  or  two  turns  more  or  less 
will  be  required  for  other  channels 
of  the  group. 

R-F  Pickup 

To  secure  a  balanced  feed,  a  dual 
coaxial  line  is  desirable.  The  line 
should  be  flexible  so  that  it  can  be 
run  through  conduits  or  wire  ducts 
with  ease  and  its  losses  are  low 
enough  so  that  almost  any  reason¬ 
able  length  can  be  used. 

Coupling  coils  at  the  input  and 
output  of  the  feed  line  are  con¬ 
nected  to  the  inner  conductors  and 
not  to  the  outer  sheath.  The  feed 
line  input  coil  is  a  4-inch,  one-turn 
loop  inserted  part  way  into  an 
opening  in  the  outer  conductor  of 
the  transmitting  antenna  coaxial 
line  just  outside  the  transmitter 
cabinet.  Where  the  coaxial  line 
enters  the  oscilloscope  cabinet  the 
outer  sheath  must  be  grounded  to 
the  metal  cabinet.  The  cable  term¬ 
inates  in  a  two-turn  coil  of  f-inch 
diameter  and  is  loosely  coupled  to 
the  tuned  circuit  of  the  oscilloscope. 

Since  such  a  loop  cannot  be  ex¬ 
pected  to  provide  an  entirely  non¬ 
reflecting  termination  there  will  be 
some  standing  waves  in  the  line, 
and  some  degree  of  unbalance  in 
spite  of  precautions.  Coupling  be¬ 
tween  loop  and  tuning  coil  is  ad- 
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justed  by  trial,  inserting  the  loop 
a  small  distance  between  the  turns 
of  the  coil;  the  most  effective  point 
may  be  found  one  or  two  turns 
above  or  below  center  as  shown  in 
Fig.  2.  Because  of  standing  waves 
in  the  line  it  is  possible  for  the 
loop  initially  to  be  at  a  low-current 
point  in  the  standing- wave  pattern, 
in  which  case  the  line  can  be  short¬ 
ened  somewhat, 

SjTichronizing  voltage  for  the 
horizontal  sweep  may  be  taken 
from  a  video  line  if  available  or,  if 
more  convenient,  it  may  be  taken 
from  the  r-f  signal  (Fig.  1).  The 
detector  circuit  showm  is  suitable 
for  either  method. 

A  small  pickup  coil  of  two  turns 
is  loosely  coupled  to  the  lower  end 
of  the  tuned  circuit  and  applies 
about  a  volt  to  the  cathode  of  the 
6H6  tube.  This  tube  is  located 
directly  below  the  pickup  coil  so 
that  the  leads  are  kept  short.  Peaks 
of  the  r-f  signal  corresponding  to 
the  sjchronizing  pulses  are  recti¬ 
fied,  biasing  the  cathode  of  the  di¬ 
ode  positively  so  that  only  synchro¬ 
nizing  pulses  appear  in  the  plate 
circuit. 

The  diode  performs  the  two  func¬ 
tions  of  rectifying  r-f  and  clipping 
off  picture  components.  Negative 
impulses  appear  across  the  plate 


FIG.  3 — Integrated  vertical  synchronizing 
pulse  fed  to  the  type  884  tube 


FIG.’  4 — ^Horizontal  synchronizing  pulse 
taken  from  Ln  through  the  H  position  of 
«  selector  switch 
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load  resistor.  If  video  signals  are 
used  for  synchronizing,  they  may 
be  applied  to  the  diode  that  will 
serve  in  the  same  way  to  separate 
synchronizing  pulses  from  the  pic¬ 
ture.  If  the  pulses  are  negative 
with  respect  to  ground,  the  signal 
is  applied  to  the  cathode  of  the  6H6 
tube  in  the  same  manner  as  the  r-f 
signal.  If  the  pulses  are  positive, 
they  are  applied  to  the  plate  of  the 
diode  through  a  network  consisting 
of  a  0.05  microfarad  capacitor  and 
a  one  megohm  resistor.  The  out¬ 
put  is  then  taken  from  the  cathode 
across  a  25,000-ohm  load  resistor. 
In  this  case  the  output  pulse  is 
positive.  This  difference  of  polar¬ 
ity  does  not  adversely  affect  syn¬ 
chronism  of  the  sweep  for  reasons 
that  will  be  pointed  out  later. 

Signal  Amplifier 

The  output  pulses  from  the  detec¬ 
tor  are  amplified  by  the  two-stage 
amplifier  utilizing  a  type  6N7  tube 
that  operates  without  external  bias 
since  the  plate  current  is  suffi¬ 
ciently  limited  by  the  10,000-ohm 
plate  resistors.  As  long  as  there 
is  a  substantial  signal  applied  to 
this  amplifier,  grid  rectification 
provides  bias  for  the  tube.  The 
time  constants  of  the  grid  resistor 
and  coupling-capacitor  netw’orks 
are  large  enough  to  permit  amplifi¬ 
cation  of  the  60-cycle  field  scanning 
impulses. 

Impulses  passing  through  the 
amplifier  will  usually  be  of  both  line 
and  field  frequencies.  It  is  the 
function  of  the  two  networks  in  the 
plate  circuit  of  the  left  section  of 
the  6N7  tube  to  separate  the  two 
frequencies  so  that  either  can  be 
applied  to  the  horizontal  sweep  os¬ 
cillator  of  the  scope.  The  network 
consisting  of  two  8.250  ohm  resis- 


FIG.  5 — One  frame  of  a  typical  televWon 
signal  as  seen  on  the  screen  of  the  modi¬ 
fied  test  oscilloscope 


tors  and  0.005  microfarad  capaci¬ 
tors,  separates  by  integration  the 
vertical  pulse  from  the  composite 
of  both  pulses.  After  separation 
the  pulse  is  partially  differentiated 
by  the  3,500  micromicrofarad 
coupling  capacitor  and  the  884  tube 
grid  resistor  producing  both  a  pos¬ 
itive  and  negative  pip  as  shown  in 
Fig.  3.  Therefore,  the  polarity  of 
the  pulse  from  the  6N7  amplifier  is 
unimportant  since  the  884  tube  will 
always  receive  a  positive  impulse  on 
w’hich  it  synchronizes  best. 

The  horizontal  pulses  are  sepa¬ 
rated  from  the  vertical  by  differen¬ 
tiation  in  L .  Again  a  positive  and 
negative  swing  is  produced,  as 
shown  in  Fig.  4,  to  synchronize  the 
884  tube. 

Switching  circuits  are  provided 
to  select  synchronizing  voltage 
from  either  the  vertical  or  horizon¬ 
tal  separator  output  or  from  the 
60-cycle  line. 

Appropriate  RC  networks  can  be 
switched  into  the  plate  circuit  of 
the  884  tube  to  generate  suitable 
sawTooth  wnves  at  30  and  7,875 
cycles  for  sweep  speeds  to  show 
either  frame  or  line  patterns.  Pro¬ 
vision  is  made  for  external  deflec¬ 
tion  for  special  cases.  A  poten¬ 
tiometer  in  the  plate  circuit  of  the 
884  tube  permits  continuous  ad¬ 
justment  of  sweep  frequency  over 
a  range  from  3  or  4  lines  or  frames 
to  one  line  or  frame.  The  saw¬ 
tooth  output  of  the  sweep  oscillator 
is  amplified  by  a  6F8G  and  two 
6V6  tubes  in  a  conventional  circuit 
before  being  applied  to  the  horizon¬ 
tal  deflecting  plates.  A  back-trace 
blanking  impulse  is  fed  to  the 
cathode  ray  tube  from  the  cathode 
circuit  of  the  6F8  tube. 

Use  of  tiM  lestremeet 

A  typical  pattern  of  two  frame 
periods  of  a  television  signal  as  it 
appears  on  the  oscilloscope  screen 
is  shown  in  Fig.  5.  The  synchroniz¬ 
ing  pulse  envelope  may  be  seen  at 
the  vertical  extremities  of  the  pat¬ 
tern.  Between  these  the  horizontal 
line  indicates  the  peaks  of  the  line 
impulses. 

At  the  base  of  the  synchronizing 
impulses,  the  bright  line  indicates 
the  blanking  pulse  shoulders  or 
black  level.  The  whole  central  por¬ 
tion  of  the  pattern  is  taken  up  with 
picture  components. 
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TWO-WAY  RADIO 
for  Power  Line  Crews 


A  TWO-WAY  radio  system  employing  fre¬ 
quency  modulation  on  37.18  megacycles 
has  proved  the  answer  to  West  Penn  Power 
Company’s  problem  of  providing  quick  and  re¬ 
liable  communication  between  central  stations 
and  service  trucks  when  line  trouble  develops. 
Fourteen  trucks  have  been  equipped,  each  hav¬ 
ing  a  35-watt  transmitter,  and  the  250-watt 
fixed  station  with  call  letters  WNAA  is  now  in 
regular  operation  at  the  company’s  principal 
substation.  Reliable  reception  is  obtained  in 
trucks  within  a  30-mile  radius  of  Charleroi  in 
all  kinds  of  weather,  and  the  station  has  been 
heard  up  to  150  miles  away.  Mobile  radio  is 
now  being  planned  for  the  rest  of  the  system.. 

BELOW — The  Link  radio  equipment  for  each  truck  it  in 
a  weatherproof  cabinet  just  behind  the  cab,  with  whip 
antenna  mounting  at  side 


ABOVE — Troiumitter  of  main  station  is 
located  in  small  house  at  base  of  tower, 
and  remotely  controlled  from  four  points  in 
Charleroi.  Pa. 


LEFT — Transmitting  antenna  atop  175-foot 
steel  tower 


LOWER  RIGHT — Radio  hand-set  and  con¬ 
trol  panel  ore  conTeniently  located  in  cob 
of  each  truck.  Controls  are,  left  to  right: 
squelch  switch,  transmitter  pilot  lamp,  re- 
celTer  pilot  lamp,  and  Tolume  controL 
RecelTer  Is  In  operation  at  all  times  for 
emergency  calls,  and  push-to-talk  switch 
on  hand-set  is  the  only  transmitter  control 
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Field  Streegtb  MeosKremeets 
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Frequency  limits  of  electronic 
equipment  were  rapidly  pushed 
into  the  hundreds  of  megacycles  dur¬ 
ing  war  development  To  learn  about 
propagation  and  equipment  capabil¬ 
ities  a  field  strength  meter  was 
developed  for  the  range  from  300  to 
1,000  me.  This  meter  was  intended 
for  measurements  in  the  laboratory 
or  field.  It  had  to  be  quickly  tunable 
to  any  frequency  within  its  range. 
A  sensitive  receiver,  which  could  be 
calibrated  by  a  standard  signal  gen¬ 
erator,  was  required  to  measure  the 
voltage  induced  by  an  unknown  field 
in  an  antenna  of  known  character¬ 
istics.  The  completed  equipment  for 
making  these  measurements  is  shown 
in  Fig.  1. 


In  using  the  field  strength  measur¬ 
ing  equipment  the  antenna  and  re¬ 
ceiver  are  tuned  to  the  incoming 
signal;  the  antenna  is  disconnected 
from  the  receiver  and  replaced  by  a 
dummy  antenna  and  a  standard  sig¬ 
nal  generator  which  is  adjusted  to 
give  the  same  receiver  response.  The 
field  strength  «  in  microvolts  per 
meter  is  related  to  the  standard  sig¬ 
nal  generator  voltage  E  in  microvolts 
by 


where  h,  is  the  height  of  the  an¬ 
tenna  in  meters.  If  the  antenna  is 
adjusted  to  half-wave  resonance 

K  =  0.6361  =  0.636-4  =  ^ 

^  J 

to  a  first  approximation,  where  f  is 
the  operating  frequency  in  mega¬ 
cycles.  Therefore  the  unknown  field 
strength  is 

c  -  0.0105/^ 

The  receiver  and  the  standard  sig¬ 
nal  generator  have  since  found  wide 
application  in  other  fields,  and,  al¬ 
though  the  original  models  are  obso¬ 


FIG.  I — ^Field-strength  meter  and  standard-signal  generator  developed  for  National 
Defense  Research  Committee  by  General  Radio  Co.  to  be  used  for  measurement! 

between  300  and  1,000  me 


lete  today,  many  of  their  components 
will  be  found  useful  in  similar  appli¬ 
cations. 

Tuned  Circuits 

The  butterfly  circuit,  as  well  as  its 
application  in  negative-grid  triode 
oscillators,  has  been  described  in  de- 
tail,^  but  the  wide  interest  shown  in 
this  development  justifies  a  few  fur¬ 
ther  remarks. 

The  butterly  circuit  used  in  the 
signal  generator  has  2i-inch  outside 
diameter  and  5  and  6  plates  on  the 
rotor  and  stator  respectively,  has  a 
tuning  range  of  220  to  1,100  me  and 
is  equipped  with  terminals  for  grid 
and  plate  of  the  oscillator  tube.  The 
butterfly  circuit  can  be  considered 


a  parallel  combination  of  induc¬ 
tances  and  capacitances.  This  com¬ 
bination  is  seen  in  the  schematic 
diagram  .of  Fig.  2  where  the  ca¬ 
pacitive  branch  is  represented 
by  two  series  capacitors  and  the 
inductive  branch  by  two  parallel 
inductors  between  terminals  one 
and  two.  Variation  of  both  capaci¬ 
tance  and  inductance  is  brought 
about  by  rotation  of  the  inner,  but¬ 
terfly  shaped,  member.  The  capaci¬ 
tive  branch  is  the  familiar  series- 
gap  tuning  capacitor.  Variation  of 
the  two  identical  inductive  branches 
is  achieved  as  the  rotor  progressively 
blocks  out  the  arda  through  which  a 
magnetic  field  can  pass. 

At  220  me,  with  the  plates  fully 


UHF  Field  Meters 

Tuning  limitations  of  resonant  circuits,  tunable  doublet  antenna,  uhf  voltmeters,  cavity  at¬ 
tenuators,  power-supply  stabilizer  of  early  model  of  field-strength  meter,  and  standard- 

signal  generator  are  described 


meshed,  the  effective  inductance  of 
the  circuit  is  0.011  /xh,  the  effective 
capacitance  is  48  /x/xf,  and  the  effec¬ 
tive  Q  is  650.  The  corresponding 
values  at  1,100  me  are  0.004  /xh,  5 
jjifif,  and  a  Q  of  300. 

Common  to  all  butterfly  circuits  is 
a  series-gap  capacitor  for  capaci¬ 
tance  variation  across  two  fixed 
terminals,  which  eliminates  the  ne¬ 
cessity  of  sliding  contacts,  and  the 
direct  incorporation  of  a  parallel  in¬ 
ductive  path  into  the  structure  of 
this  capacitor.  This  integral  design 
is  important  in  reducing  metallic 
losses  at  points  where  capacitive  and 
the  inductive  paths  of  the  tuned  cir¬ 
cuit  join  and  makes  it  possible  to  use 
lumped  parameter  elements  at  these 
high  frequencies.  The  eddy-current 
shielding  effect  of  the  rotor  plates, 
which  reduces  the  effective  induct¬ 
ance  in  the  high  frequency  position, 
helps  to  obtain  very  wide  tuning 


ranges,  but  increases  the  losses  to 
some  extent. 

If  low  losses  are  important,  and 
wide  tuning  ranges  are  not  required, 
butterfly  circuits  should  not  be  used. 
Better  results  can  be  obtained  with 
a  cylinder  circuit.*  This  circuit  can 
be  represented  by  a  diagram  similar 
to  Fig.  2  with  a  single  and  fixed  in¬ 
ductive  branch.  The  tuning  ranges 
of  cylinder  circuits  are  considerably 
smaller  than  the  ranges  obtained 
with  butterfly  circuits,  but  their 
losses  are  lower  and  their  Q’s  are 
practically  constant.  A  cylinder  cir¬ 
cuit  with  cylinders  one  inch  in  di¬ 
ameter  and  two  inches  in  length  has 
a  tuning  range  of  approximately 
500  to  1,000  me  with  a  Q  of  1,200. 

In  a  broadcast  receiver  a  three-to- 
one  frequency  variation  is  ordinarily 
produced  by  a  180  degree  rotation  of 
the  capacitor  shaft,  but  a  typical 
butterfly  circuit  varies  from  220  to 
1,100  me  between  two  rotor  positions 
which  are  only  90  degrees  apart.  To 
compensate  for  this  difference,  and 
for  an  uneven  frequency  distribu¬ 
tion,  the  angular  precision  of  the 
drive  has  to  be  about  seven  times 

FIG.  2 — Leit — Schematic  diagram  oi  but¬ 
terfly  circuit  indicates  that  high  resonant 
impedance  appears  across  points  1  and  2 

FIG.  3 — Below — (A)  Tunable  antenna  and 
(B)  attenuator  coupling  are  principal  uhi 
features  of  equipment 


better  in  the  butterfly  circuit  than 
in  a  comparable  variable  capacitor 
circuit.  The  precision  required  to 
prevent  axial  movement  of  the  plates 
is  the  same  in  both  cases  provided 
the  air  gap  and  the  care  used  in 
centering  the  plates  are  equal.  This 
relation  is  based  on  percentage  accu¬ 
racy  and  has  to  be  multiplied  by  the 
ratio  of  frequencies  if  frequency  in¬ 
crements  are  considered.  In  our 
example  this  ratio  w'ould  be  1,000. 

Frequency  Limits 

The  220  to  1,100  me  butterfly  cir¬ 
cuit  has  an  air  gap  of  0.04  centi¬ 
meter,  which  is  not  adequate  for 
high-power  applications.  If  this  air 
gap  were  changed  to  0.2  centimeter, 
the  maximum  capacitance  across  the 
terminals  would  be  reduced  to  one 
fifth  its  previous  value  and  the  fre¬ 
quency  range  would  be  500  to  1,000 
me,  to  a  first  approximation.  This 
large  reduction  in  tuning  range  can¬ 
not  be  offset  by  an  over-all  increase 
in  the  size  of  the  unit.  A  50  percent 
increase  in  diameter  would  increase 
both  capacitance  and  inductance  by 
a  factor  of  about  2.3  and  would  ap¬ 
proximately  restore  the  bottom  fre¬ 
quency  of  220  me,  but  the  top  fre¬ 
quency  would  have  dropped  to  under 
700  me.  An  increase  in  the  number 
of  plates  would  seem  to  be  a  possible 
solution,  but  unfortunately  butterfly 
circuits  with  more  than  a  certain 
number  of  plates  have  spurious 
modes  which  interfere  with  their 
proper  operation.  It  appears,  there¬ 
fore,  that  the  maximum  size  and  the 
maximum  number  of  plates  that  can 
be  used  in  a  butterfly  circuit  are 
limited  by  the  top  frequency,  and 
that  the  bottom  frequency  is  then 
determined  by  the  air  gap. 

In  practice  it  is  very  hard  to  com¬ 
pute  the  top  frequency  of  a  butterfly 
circuit  without  a  good  deal  of  experi- 
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mental  data  taken  from  similar  de¬ 
signs  because  the  mechanical  shapes 
determining  both  capacitance  and 
inductance  are  too  complicated  for 
simple  approximations.  The  bottom 
frequency  can  be  obtained  with  rea¬ 
sonable  accuracy  if  the  capacitance 
of  the  series  gap  capacitor  is  com¬ 
puted  as  in  any  low-frequency  appli¬ 
cation  and  the  inductance  as 
L  =  4.9  r  logio  (r/(  -|-  w)  10~*  Henr>'’8 
where  r  is  the  inside  radius  of  the 
butterfly  stator  plates  and  t  and  iv 
are  thickness  and  width  of  the  stator 
stack,  all  in  centimeters.  To  arrive 
at  an  estimate  of  the  top  frequency 
of  a  butterfly  circuit,  a  range  factor 
is  used  which  varies  between  two 
and  12  for  the  circuits  that  have  been 


built  so  far.  The,  range  factor  in¬ 
creases  as  frequency  and  air  gap  are 
reduced. 

Tunable  Reionotor 

Another  component  of  general  use¬ 
fulness  is  a  tunable  resonator  which 
is  incorporated  in  the  signal  gener¬ 
ator  and  in  the  receiver  of  the  field 
strength  measuring  equipment.  In 
both  cases  resonators  with  a  five-to- 
one  frequency  range  were  required 
and  adjustment  by  turning  a  dial 
seemed  desirable.  Figure  3  shows 
schematically  these  two  applications. 

In  Fig.  3A  a  70-ohm  feeder  line  is 
connected  to  a  doublet  antenna,  the 
length  of  which  has  to  be  X/2  at  the 
operating  frequency.  In  Fig.  3B  a 
mutual  inductance  type  attenuator  is 
coupled  to  a  220  to  1,100  me  butterfly 


oscillator.  A  quarter-wave  resonator 
with  the  current  loop  in  the  atten¬ 
uator  produces  a  strong  field  of  the 
desired  mode  and  reduces  in  propor¬ 
tion  undesirable  modes  which  might 
otherwise  cause  errors  in  atten¬ 
uation. 

This  same  system  was  used  in  a 
1,000  to  3,000  me  signal  generator 
to  select,  in  addition,  the  second  and 
the  third  harmonics  of  a  500  to  1,000 
me  oscillator.  In  this  particular  case 
the  oscillator  used  a  quarter-wave 
open  line  and  could  be  driven  much 
harder  for  harmonic  generation  than 
would  be  possible  with  ‘a  butterfly 
oscillator. 

In  both  cases  conventional  tele¬ 
scoping  tubes  could  have  been  used. 


but  for  a  five-to-one  frequency  range 
at  least  five  joints  would  have  been 
required.  The  solution  adopted  con¬ 
sists,  instead,  of  a  short  fixed  guide 
and  a  long  fiexible  conductor  which 
is  pushed  through  the  guide  by  the 
amount  required  to  produce  reso¬ 
nance.  In  the  attenuator,  which  is 
illustrated  in  Fig.  4A,  the  remaining 
part  of  the  conductor,  which  is  not 
required  at  a  particular  frequency 
setting,  does  not  constitute  a  prob¬ 
lem  because  it  passes  through  the 
oscillator  shield  into  the  outer  space 
and  cannot  interfere  with  the  com¬ 
ponents  inside  the  shield.  Good  con¬ 
tact  between  conductor  and  guide  is 
important.  As  shown,  the  flexible 
conductor  can  be  tied  to  an  insu¬ 
lating  drive  cord  and  be  guided  and 
driven  by  pulleys  operated  by  a  con¬ 


veniently  located  dial.  By  proper 
choice  of  the  location  and  size  of  the 
insulated  pulleys  inside  the  oscillaior 
housing,  coupling  between  the  reso¬ 
nator  and  the  oscillator  can  be  ad¬ 
justed  over  the  frequency  range. 

Conditions  in  the  tunable  antenna 
are  somewhat  different  because  no 
ground  plane  is  available  for  sepa¬ 
rating  the  used  and  the  unused  parts 
of  the  resonator.  In  that  case,  the 
flexible  resonator  is  fed  through  a 
hollow  feeder  line  as  shown  schemat¬ 
ically  in  Fig.  4B.  The  feeder  line  is 
composed  of  two  tubes  spaced  to 
provide  the  desired  characteristic 
impedance  of  70  ohms  and  bent  at 
the  upper  end  to  give  the  flexible 
resonator  a  right  angle  deflection. 
The  unused  parts  of  the  resonators 
are  within  the  feeder  lines  and  d(» 
not  disturb  the  field  of  the  antenna. 

To  avoid  complications,  a  driving 
mechanism  has  been  omitted  in  the 
220  to  1,100  me  doublet  antenna 
shown  in  Fig.  5.  The  feeder  lines  are 
aluminum  channels  spaced  for  70- 
ohm  characteristic  impedance  by  a 
polystyrene  bar.  The  fiexible  con¬ 
ductors  are  self-supporting  flat  strips 
of  slightly  curved  spring  material, 
similar  to  the  strips  used  in  the 
familiar  steel  rules.  Adjustment  of 
antenna  length  is  easily  made  by 
hand  using  pins  which  are  fastened 
to  the  conductors  and  project 
through  the  aluminum  channels. 

Crystal  Detectors 

After  a  careful  study  of  uhf  volt¬ 
meters,  it  was  decided  to  use  a  crys¬ 
tal  detector  as  the  rectifying  element 
because,  in  spite  of  all  their  short¬ 
comings,  voltmeters  of  this  type  can 
be  built  with  lower  corrections  for 
frequency  than  any  of  the  others.  A 
suitable  crystal  detector  had  to  be 
developed  for  this  application  in 
1941,  but  today  completely  sealed 
detector  cartridges  with  standard¬ 
ized  dimensions  and  reliable  per¬ 
formance  are  available. 

Up  to  a  few  thousand  megacycles 
the  action  of  the  detector  junction  is 
independent  of  frequency  if  pre¬ 
cautions  are  taken  in  its  manufac¬ 
ture  and  the  frequency  characteristic 
of  a  crystal  detector  type  voltmeter 
is  determined  by  its  resonant  fre¬ 
quency.  Series  resonance  of  the 
shunt  capacitance  of  the  detector 
junction  and  the  lead  inductance  be¬ 
tween  voltmeter  terminals  increases 


FIG.  4 — Experimental  drixe  systems  for  fleidble  conductors  used  (A)  to  couple  from 
oscillator  into  attenuator  carity  and  (B)  to  tune  do\iblet  antenna 


126 


November.  1946  —  ELECTRONICS 


the  voltage  E  appearing  across  the 
detector  junction  with  respect  to  the 
terminal  voltage  e  and  causes  a  cor¬ 
responding  frequency  error  F  such 
that 


where  /  and  /o  are  operating  fre¬ 
quency  and  resonance  frequency  of 
the  voltmeter  respectively.  In  any 
particular  voltmeter  design  the  reso¬ 
nant  frequency  /o  varies  only  slightly 
with  individual  detector  cartridges. 
In  a  typical  application,  using  the 
type  1N21-B  detector,  which  is  the 
most  suitable  for  this  purpose,  the 
resonant  frequency  varies  from  3,500 
to  3,900  me,  corresponding  to  a  fre¬ 
quency  error  of  9  to  7  percent  at 
1,000  me. 

Erratic  variation  or  drift  of  crys¬ 
tal  detectors  have  been  largely  re¬ 
duced  by  modern  design  and  it  has 
been  found  that  in  most  cases  the 
drift  is  independent  of  frequency. 
Because  this  assumption  is  certainly 
correct  for  small  drift,  detectors  can 
be  checked  periodically  and  corrected 
at  any  convenient  frequency,  for  in¬ 
stance  at  60  cps. 

Another  peculiarity  of  crystal  de¬ 
tectors  which  sets  them  apart  from 
vacuum-tube  voltmeters  and  thermo¬ 
couples,  ordinarily  used  at  lower  fre¬ 
quencies,  has  to  be  mentioned  as  it 
bears  on  their  application.  Vacuum- 
tube  voltmeters  can  be  built  for  a 
wide  range  of  voltages,  and  their 
circuits  can  be  so  designed  that  no 
permanent  damage  is  done  by  over¬ 
loads.  Thermocouples  can  be  built 
for  a  wide  range  of  currents.  They 
are  readily  burned  out,  but  this 
damage  is  immediately  obvious.  Most 
crystal  detectors  will  not  stand  more 
than  a  few  volts,  and  great  care  has 
to  be  taken  to  prevent  overloads 


which  might  change  the  characteris¬ 
tic  of  their  junction  before  it  is  made 
ineffective  or  burned  out. 

Attenuator 

A  voltmeter  placed  at  the  input 
to  the  attenuator  of  a  signal  gener¬ 
ator  will  read  independently  of  atten¬ 
uator  setting,  but  a  voltmeter  placed 
at  the  output  terminal  will  read  only- 
over  a  limited  range  of  low  attenua¬ 
tion.  It  would  seem,  therefore,  that 
the  first  location,  which  is  always 
used  at  low  frequencies  is  more  desir¬ 
able,  but  at  ultrahigh  frequencies  the 
second  method  will  give  more  accu¬ 
rate  results. 

In  both  cases  the  accuracy  at  low 
output  voltages  depends  .on  the 
attenuator  calibration,  which  can  be 
computed  precisely  for  the  mutual 
inductance  type  attenuator  com¬ 
monly  used  at  ultrahigh  frequencies. 
The  quarter-wave  resonator  de¬ 
scribed  in  connection  with  Fig.  3B  is 
not  required,  and  better  results  are 
obtained  if  the  end  of  the  attenuator 
tube  is  fitted  with  a  shield  to  exclude 
undesirable  modes  and  is  pointed  to¬ 
ward  a  part  of  the  oscillator  circuit 
which  carries  current  in  the  plane  of 
the  pickup  loop.  The  field  of  this 
current  passes  the  shield  and  enters 
the  attenuator  tube  where  it  is  atten¬ 
uated  logarithmically,  decreasing  by 
32  db  for  each  diameter  traveled. 

If  a  voltmeter  is  placed  at  the  out¬ 
put  side  of  a  line  connected  to  the 
pickup  loop,  a  reference  point  of 
attenuator  output  voltage  can  be 
established  for  any  position  of  the 
pickup  loop  that  provides  sufficient 
voltage  to  make  the  meter  read,  and 
accurate  lower  output  voltages  can 
be  obtained  by  moving  the  pick¬ 
up  loop  by  accurately  determined 
amounts.  A  complete  output  system 


FIG.  S — Doublet  antenna  can  be  quickly 
tuned  by  sliding  flexible  tapes  in  two-wire 
transmission-line  track 

of  this  type  includes  resistors,  R,  and 
Ri  and  capacitor  C,  as  shown  sche¬ 
matically  in  Fig.  6.  Resistor  R,  is 
required  to  terminate  approximately 
the  short  line  between  pickup  loop 
and  voltmeter  in  order  to  prevent 
excessive  voltage  rise  which  might 
overload  the  crystal  detector,  if  the 
proper  load  is  not  connected.  Resistor 
Rz  is  a  matching  resistor  to  provide 
desirable  values  of  output  impedance. 
It  will  ordinarily  be  determined  by 
the  characteristic  impedances  of  the 
cable  connecting  the  load  and  was  70 
ohms  in  the  field  strength  measuring 
equipment  tc  simulate  the  radiation 
resistance  of  the  doublet  antenna. 
Capacitor  C  is  sufficiently  large  to  be 
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ineffective  at  radio  frequencies  and 
has  been  inserted  only  to  facilitate 
low  frequency  calibration  of  the 
crystal  detector. 

In  this  output  system,  the  accu¬ 
racy  of  output  voltage  at  the  refer¬ 
ence  point  is  determined  by  the  volt¬ 
meter  alone  and  does  not  depend  on 
any  other  circuit  elements.  The  accu¬ 
racy  of  the  output  impedance  is  de¬ 
termined  by  Rt  alone  because  this 
resistor  is  immediately  preceded  by 
the  output  voltmeter,  which  can  be 
considered  a  zero-impedance  source. 
Obviously  no  signal  generator  could 
have  sufficient  power  to  meet  this 
requirement,  but  as  long  as  its  out¬ 
put  voltmeter  is  reset  to  the  same 
value  whenever  the  load  is  changed, 
the  terminals  of  the  voltmeter  have 
all  the  characteristics  of  a  zero-im¬ 
pedance  source.  In  operation,  there¬ 
fore,  the  reference  level  of  the  loga¬ 
rithmically  calibrated  attenuator  has 
to  be  established  with  the  load  con¬ 
nected,  and  as  we  have  seen,  this  has 
to  be  done  at  a  high  output  level  to 
provide  a  reliable  reading  of  the  out¬ 
put  meter.  If,  for  some  reason,  the 
load  changes  with  the  signal  ampli¬ 
tude,  the  attenuator  calibration  will 
be  in  error. 

f  Alternative  Output  Circuit 

To  follow  the  more  conventional 
output  system  the  voltmeter  is 
placed  at  the  attenuator  input  as 
shown  in  Fig.  7  where  it  samples  the 
field  in  the  attenuator  tube.  This 
field  decreases  within  the  attenuator 
according  to  the  same  logarithmic 
law  as  before.  Output  voltage  de¬ 
pends  on  the  size  and  position  of  the 
pickup  loop,  the  output  impedance  on 


the  characteristic  impedance,  and 
length  of  the  short  line  connecting 
the  pickup  loop  with  the  output 
terminals.  To  eliminate  a  frequency 
dependent  effect,  this  line  has  to  be 
terminated  at  the  pickup  loop.  Re¬ 
sistor  R  is  inserted  for  this  purpose, 
but  because  the  reactance  of  the  pick¬ 
up  loop  itself  is  included  in  the 
termination,  an  accurate  solution  of 
this  problem  is  difficult  at  uhf. 

If  an  adequate  solution  is  possible 
at  lower  frequencies,  however,  or 
over  a  limited  range  at  some  high 
frequency,  two  advantages  are  ob¬ 
tained,  compared  to  the  output  sys¬ 
tem  shown  in  Fig.  6.  That  the  output 
meter  reads  at  all  attenuator  settings 
is  convenient  as  mentioned  before. 
In  addition  the  generator  voltage  is 
now  independent  of  the  load  because 
it  is  determined  by  field  strength  in 
the  attenuator  tube. 

Both  these  disadvantages  of  the 
simpler  and  more  accurate  system, 
which  uses  the  meter  at  the  output 
terminal,  can  be  overcome.  The 
crystal-detector  type  output  meter 
has  to  work  at  a  low  level  to  prevent 
damage  to  the  crystal  junction  and 
will  not  be  able  to  indicate  modula¬ 
tion  peaks.  By  coupling  a  high-level 
peak-reading  diode  voltmeter  to  the 
oscillator,  modulation  can  be  deter¬ 
mined  accurately.  In  addition,  a 
permanent  indication  of  oscillator 
amplitude  is  obtained  which  is  useful 
for  monitoring  purposes  even  if  it 
cannot  be  made  proportional  to  the 
output  voltage.  To  eliminate  errors 
caused  by  a  load  that  changes  its 
impedance  at  high  levels,  an  atten¬ 
uation  pad  can  be  inserted  between 
^e  terminal  of  the  signal  generator 


and  the  load,  or  resistance  and  R, 
of  Fig.  6  can  be  rearranged  to  give 
a  fixed  initial  attenuation. 

No  matter  which  attenuator  out¬ 
put  system  has  been  used,  terminals 
for  connecting  the  load  have  to  be 
provided.  At  uhf  this  connection  is 
always  a  matched  concentric  cable, 
and  no  particular  advantage  is  ob¬ 
tained  by  locating  the  signal  gener¬ 
ator  output  terminal  at  the  end  of 
another  cable  as  is  customary  at 
lower  radio  frequencies.  The  output 
terminal,  in  form  of  a  concentric 
cable  fitting,  can  be  located  on  the 
front  panel  of  the  instrument. 

Regulated  Power  Supply 

Another  problem  encountered  in 
the  design  of  the  field  strength 
measuring  equipment  concerns  the 
power  supply.  The  equipment  was 
built  for  60-cps  operation,  but  for  at 
least  part  of  the  time  the  power 
required  had  to  be  produced  by  a 
motor-generator  set  driven  from  a 
storage  battery.  Under  these  condi¬ 
tions  both  voltage  and  frequency 
vary  widely.  Some  means  had  to  be 
provided  to  regulate  filament  and 
plate  supplies. 

The  regulated  power  supply  adop¬ 
ted  for  the  field  strength  measuring 
equipment  presents  a  solution  of  this 
problem  by  magnetic  and  electronic 
means.  The  fundamental  schematic 
diagram  is  shown  in  Fig.  8. 

The  two  outer  a-c  windings  of  the 
regulator  are  connected  in  series  with 
the  power  transformer.  A  d-c  wind¬ 
ing  is  energized  from  a  twin  triode 
tube  T,  which  acts  as  a  grid-con¬ 
trolled  rectifier.  Th§  reactance  of  the 
regulator  is  determined  by  the  d-c 


FIG.  8 — ^Powur-cupply  stabilizer,  to  regulate  both  iilament  and  heater  os  well  os 
high-voltage  supply,  uses  controlled  saturable  reactor  in  power  input  circuit 


FIG.  9 — Vector  diagram  shows  that  reactor 
absorbs  the  change  in  input  voltage 
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nirrent  in  the  middle  winding  and 
iutomatically  varies  to  maintain  the 
primary  voltage  of  the  transformer 
constant. 

Control  voltage  for  the  rectifier 
tube  Ti  is  derived  from  the  main  B- 
supply.  At  normal  line  voltage  the 
grids  of  tube  Ti  are  slightly  negative 
with  respect  to  its  cathode  and  allow 
some  current  to  flow  through  the  d-c 
winding  of  the  regulator.  At  higher 
line  voltages  the  grids  become  more 
negative  because  the  voltage  across 
the  glow  tube  T,  does  not  change. 
The  rectified  current  through  Ti  then 
decreases  and  the  impedance  of  the 
regulator  increases  to  bring  the 
primary  voltage  of  the  transformer 
back  to  its  previous  value. 

Regulator  Design 

Figure  9  shows  voltage  and  cur¬ 
rent  relations  of  the  system  for 
minimum  and  maximum  line  voltage 
Eu  and  El,.  Line  current  I  and 
transformer  voltage  Et  are  inde¬ 
pendent  of  line  voltage.  Eki  and 
En  are  the  voltages  across  the  regu¬ 
lator  which  are  out  of  phase  with  the 
line  current  except  for  a  small  com¬ 
ponent  which  covers  the  a-c  losses  in 
the  regulator  and  increases  slightly 
with  line  voltage.  Input  power, 
therefore,  is  essentially  constant  in¬ 
cluding  a  regulator  loss  of  about  ten 
percent.  The  phase  angle  of  the  in¬ 
put  power  varies  between  <^,  and  <j>, 
and  can  be  corrected  for  average  line 
voltage  by  a  fixed  capacitor  across 
the  line  terminals. 

To  compute  the  regulator  charac¬ 
teristics,  the  power  required  by  the 
instrument  and  the  expected  line 
voltage  variations  have  to  be  known. 
By  assuming  a  minimum  voltage 
drop  Emi  in  the  regulator,  the  op¬ 
erating  voltage  of  the  transformer 
Et,  the  line  current  /,  and  the  maxi¬ 
mum  volt-amperes  IE,»  that  the 
regulator  has  to  handle  can  be  estab¬ 
lished.  For  good  regulation,  the  flux 
density  in  the  regulator  should  be 
kept  low.  At  high  flux  densities,  con¬ 
siderable  distortion  of  current  wave¬ 
form  results,  which  causes  poor 
regulation  in  the  filament  and  heater 
supplies.  It  should  be  remembered 
that  the  regulation  control  voltage  is 
derived  from  the  main  B-supply, 
which  is  proportional  to  the  rms 
value  of  heater  current  only  as  long 
as  the  waveform  of  the  power  source 
remains  constant.  Depending  on  fil¬ 


ter  circuit  and  load,  output  voltage 
of  the  B-supply  will  be  determined 
by  average  or  peak  values  of  the 
power  source  rather  than  by  its  rms 
value.  The  flux  density  of  the  regu¬ 
lator  is  determined  by  its  ampere- 
turns  INi  and  the  length  of  its  mag¬ 
netic  path  li  where  N,  is  the  total 
turns  of  the  two  outer  a-c  windings 
and  li  is  the  outer  circular  path  of 
the  core.  The  maximum  regulator 
voltage  Eg,  is  determined  by  the 
cross-section  of  the  core,  the  flux 
density,  and  the  total  turns  of  the 
a-c  windings. 

To  reduce  the  regulator  voltage  to 
its  minimum  Egi,  the  core  material 
is  saturated  by  d-c  current  in  the 
middle  winding.  The  ampere-turns 
required  are  now  determined  by  the 
shorter  path  I,  through  the  center 
leg  and  the  two  outer  legs  in  parallel. 
Because  the  magnetizing  current  is 
furnished  by  a  vacuum  tube,  the  d-c 
resistance  of  the  middle  winding  can 
be  high  and  its  number  of  turns  N, 
can  be  many  times  larger  than  N^. 
The  two  halves  of  the  outer  winding 
have  to  be  well  balanced  because  no 
a-c  voltage  should  appear  across  the 
middle  winding. 

Magnetizing  current  is  produced 
in  the  grid-controlled  full-wave  recti¬ 
fier  Ti.  The  plate  voltage  of  this 
tube  is  derived  from  the  main  power 
transformer  and  should  be  high 


enough  to  allow  the  maximum  cur¬ 
rent  required  for  regulator  satura^ 
tion  to  flow  without  grid  current. 
Control  voltage  for  this  tube  is  ob¬ 
tained  from  the  glow  tube  and  po¬ 
tentiometer  combination  across  the 
B-supply  of  the  instrument.  Ordinar¬ 
ily  the  gain  in  the  grid-controlled 
rectifier  Ti  will  be  sufficient  to  change 
the  magnetizing  current  of  the  regu¬ 
lator  over  its  full  range  with  a  very' 
slight  variation  of  the  B-supply  out¬ 
put  voltage,  but  there  is  no  reason 
why  additional  gain  could  not  be 
inserted  between  T,  and  Ti. 

The  characteristic  curves  of  the 
power  supply  used  in  the  signal 
generator  are  given  in  Fig.  10.  The 
power  requirement  of  the  main  in¬ 
strument  transformer  is  70  watts, 
and  it  operates  at  75  volts.  It  will 
be  seen  that  the  operating  range  of 
the  regulator  is  extremely  wide  at 
60  cps  and  is  still  adequate  at  40 
cps.  Regulation  of  the  heater  supply 
is  not  as  good  as  that  of  the  B- 
supply,  particularly  at  40  cps.  This 
inadequacy  is  due  to  distorted  wave¬ 
form  of  line  current  and  has  been 
partly  corrected  by  capacitor  C  of 
6  /if  across  the  regulator. 
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FIG.  10 — Measured  characteristics  oi  power  supply  show  the  wide  range  over 

which  the  stabilizer  operates 
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Exponential  circuits  can  be  made  to  carry  more  nearly  constant  current  for  longer  times  if  cor¬ 
rective  networks  are  used.  Design  equations  and  actions  of  these  circuits  are  derived,  and 
their  advantages  in  magnetron  pulse  circuits  are  illustrated  by  a  numerical  example 


Reduced  size  of  the  reactive  ele-  ship  of  the  various  parameters  is  de¬ 
ment  made  possible  by  these  net-  termined  by  the  following  analysis, 
works  results  in  reduction  of  cost,  By  Kirchhoflf’s  Laws 
bulk,  and  weight  of  the  constant-cur- 
rent  circuit.  In  applications  where  ^ 

frequency  stability  of  a  self-excited  ^  _  j*  _j_ , 
magnetron  oscillator  is  dependent  ~  ’ 

upon  tube  current,  the  improved  uni-  JL  ^  i  JliL  =  p  ^3; 

formity  of  current  from  these  net¬ 
works  gives  more  stable  operation.  Because  it  is  assumed  that  to  is  con¬ 
stant,  that  being  the  desired  condi- 
The  Problem  tion,  let  t©  equal  /o,  a  constant.  Then 

When  a  capacitor  is  charged  or  dis-  from  Eq.  1  and  2 
charged  through  a  resistor,  the  re-  t/i, 

sultant  current  is  an  exponential  fiilo-h) 

function  of  time.  However,  in  saw- 
tooth  sweep  circuits,  discriminating 
counter  circuits,  and  other  circuits 
involving  pulses  of  constant  ampli¬ 
tude,  it  is  sometimes  necessary  or  de¬ 
sirable  to  maintain  constant  current 
through  a  resistor,  or  resistive  load 
for  an  arbitrarily  short  period  of 
time.  This  requirement  is  especially 
necessary  in  one  type  of  radar  trans¬ 
mitter  in  which  part  of  the  energy 
stored  in  a  capacitor  is  periodically 
discharged  into  a  magnetron  oscil¬ 
lator  in  the  form  of  rectangular 
pulses.  Approximately  constant  cur¬ 
rent  can  be  obtained  by  inserting  a 
parallel  resistor-inductor  network  in 
series  with  the  resistor-capacitor  cir¬ 
cuit. 

To  determine  optimum  values  of 
these  circuit  parameters,  consider  the 
case  of  a  capacitor  C  charged  to  po¬ 
tential  E  and  then  discharged 
through  resistor  Ro  when  the  switch 
of  Fig.  lA  is  closed.  It  is  desired 
to  have  the  current  through  Ro  re¬ 
main  constant  for  a  short  interval 
AT.  An  inductor  and  resistor  are 
inserted  as  in  Fig.  IB.  The  relation- 


4-  (A-  Di.  =  {H/L)L 


V 


FIG.  1 — (A)  Exponential  circuit,  and  (B) 
compensated  circuit  from  which  constant 
current  can  be  obtained 


Exponential  charging  and  dis¬ 
charging  currents  in  resistance- 
capacitance  or  resistance-inductance 
circuits  can  be  made  approximately 
constant  for  short  durations  by  in¬ 
serting  low-loss  networks.  Such  net¬ 
works  permit  reducing  the  capaci¬ 
tance  by  a  factor  of  four  or  more  for 
a  given  pulse  duration,  or  increasing 
the  pulse  duration  four  times  for  a 
given  capacitance  and  percent  drop 
in  current  during  the  pulse.  Similar 
results  can  be  achieved  in  inductive 
circuits. 


FIG.  2 — A  biased  diode  con  be  a  part  of 
the  load  through  which  ronstont  current  ii 

passed 
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The  complementary  solution  of  Eq. 

4  is  h  =  where  A  is  an  ar¬ 

bitrary  constant.  The  particular  so- 
ution  is  ii  =  /o.  The  complete  solu¬ 
tion  is  therefore 

j,  =  -i*  /g  (5) 

Conventionally,  this  equation  indi¬ 
cates  that  lo  is  a  steady-state  condi¬ 
tion,  which  is  obviously  impossible. 
However,  because  the  time  interval 
under  consideration  is  very  short,  no 
steady-state  condition  is  reached, 
and  thus  Eq.  5  is  legitimate. 

When  t  =  0,  ii  =  0.  Therefore,  in 
Eq.  5,  A  =  — /o,  and 

t,  =  /o(l  -  '^>0  (t>) 

Differentiating  Eq.*6  with  respect 
to  time  and  multiplying  by  L,  we  ob¬ 
tain 

(7) 

■  at 

Substituting  this  equivalent  into 
Eq.  3  gives 

-h  loRo  =  0  (8) 

Differentiating  Eq.  8  and  substi¬ 
tuting  lo  for  dq/dt  gives 

=  0  (9) 

If  L/R  is  much  greater  than  AT, 
then  is  approximately  unity 

during  the  pulse  interval.  Thus  Eq.  9 
reduces  to  the  familiar  relationship; 
R  =  yJL/C  or  L  =  /?*C. 

Circuit  Modification 

It  is  evident  in  the  foregoing 
analysis  that  the  value  of  Ro  does  not 
affect  the  result.  Consequently,  if  R^ 
is  replaced  by  a  biased  diode  as  in 
Fig.  2,  it  would  be  expected  that  for 
constant  current  the  same  relation¬ 
ships  of  the  parameters  must  hold. 
In  this  case  capacitor  C  is  given, 


FIG.  3 — Instead  of  discharging  a  capacitor, 
as  in  Fig.  1.  the  capacitor  can  be  charged 
in  the  manner  shown  here 


charged  to  a  potential  E,  which  is  to 
be  discharged  through  a  load  with 
constant  current  for  a  time  interval 
AT  after  the  switch  is  closed.  The 
load  in  this  case  is  a  diode  in  series 
with  a  battery.  Resistance  Ro  repre¬ 
sents  the  sum  of  the  diode  resistance, 
the  switch  resistance,  and  any  other 
resistance  in  the  circuit.  The  R-L 
network  is  inserted  as  before  and  the 
analysis  is  similar. 

A  new  term,  will  appear  in  Eq. 
3  and  8.  However,  this  term  disap¬ 
pears  when  Eq.  8  is  differentiated, 
resulting  in  the  same  Eq.  9  and  con¬ 
sequently  the  same  two  relation¬ 
ships:  R  =  y/L/C,  and  AT  <  L/R. 

If  it  is  desired  to  close  the  switch 
and  maintain  a  constant  current 
through  Ro  for  a  short  period  of  time 
AT  in  the  series  circuit  of  Fig.  3A, 
a  choke  and  resistor  are  again  in¬ 
serted  as  in  Fig.  3B.  Equations  are 
again  identical  with  those  for  a  dis¬ 
charging  circuit,  except  that  the 
right-hand  side  of  Eq.  3  and  8  is 


-nnnr^ 

*1  L 


. *2  ‘  ■  \ 


lo 


FIG.  4 — (A)  An  inductor  can  replace  the 
capacitor  of  Fig.  3.  CorrectWe  network  (B) 
contains  inductance 


instead  of  zero.  This  term  disap¬ 
pears  when  Eq.  8  is  differentiated. 
Thus  the  analysis  is  the  same  as  be¬ 
fore,  and  the  same  relationships 
hold. 

Although  it  is  not  a  resistor-ca¬ 
pacitor  circuit,  the  following  analy¬ 
sis  is  included  here  because  it  is  also 
a  case  of  maintaining  a  constant  cur¬ 
rent  in  an  exponential  circuit. 

In  a  circuit  including  resistor,  in¬ 
ductor,  and  battery  as  shown  in  Fig. 
4A  it  is  again  desired  to  close  the 
switch  and  maintain  a  constant  cur¬ 
rent  through  Ro  for  a  short  time  AT. 
This  result  is  accomplished  by  in¬ 
serting  a  resistor  and  capacitor  as 
shown  in  Fig.  4B.  Just  as  before,  and 
for  similar  reasons,  AT  must  be 
short  compared  to  the  time  constant 
of  the  inserted  network.  That  is,  AT 
<RC. 

Although  the  characteristics  of 
this  circuit  are  comparable  to  those 
of  the  resistor-capacitor  circuit  pre¬ 
viously  analysed,  the  mathematical 
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analysis  for  this  resistor-inductor 
circuit  is  included  here.  As  before, 
by  Kirchhoff’s  Laws 


+  /.fto  «  ft 

(10) 

rJsl 

-f-  — h  /.ft.  “  ft 

(11) 

“  /» 

(12) 

From 

i  Eq.  10 

dii 

E-IJU 

dt 

L 

From  which  by  integration 


»i  - - ; - t+  A 


When  t  =  Of  i,  =  0,  thus  A  =  0, 
and 


ii 


E  —  ItRt  , 

r  • 


(13) 


Likewise,  from  Eq.  11 

q  =  -f  (£  -  /^)c 

As  in  the  original  circuit  analysed, 
this  simplification  is  permissible  be¬ 
cause  AT  €  RC.  When  i  =  0,  g  =  0, 
thus  B  =  —(E  —  IJio)  Cf  and 

q  =  CiE-  loRo)  (1  - 

But  i|  =■  dq/dt,  and  therefore 

i,  =  ,^..7  ,-a/Hcu  (14) 

Substituting  the  values  of  h  and  i, 
given  by  Eq.  13  and  14  into  Eq.  12 
gives 


t  +  ,-a  fRcu  «  /,  (15) 

Diqerentiating  Eq.  15  gives 
E  —  ItRn  E  —  loRo 


B?C 


^-iHROt  =  0  (16) 


During  the  short  interval  AT,  ^  — 
/oft.  does  not  equal  zero.  Also,  if 
Ar  is  very  small  compared  to  ftC, 
ig  approximately  unity.  There¬ 
fore  Eq.  16  reduces  to  the  same  rela¬ 
tionship  as  previously  obtained : 
ft  =  VL/C.  It  should  be  noted  that 
in  this  case,  as  before,  the  result  is 
independent  of  the  value  ft.. 


Magnetron  Application 

The  circuit  in  Fig.  2  is  similar  to  a 
discharge  circuit  used  in  some  radar 
transmitters,  and  the  load  repre¬ 
sented  is  essentially  the  equivalent 
circuit  of  a  magnetron.  The  mag¬ 
netron  impedance  is  nonlinear,  hav¬ 
ing  a  volt-ampere  characteristic 
similar  to  that  shown  in  Fig.  5.  In 
general,  the  dynamic  impedance  is 
not  constant  over  a  wide  range  of 
voltage  and  Current.  However,  over 


a  small  operating  range  the  mag¬ 
netron  can  be  represented  to  a  good 
approximation  by  the  circuit  shown 
in  Fig.  6,  consisting  of  a  linear  re¬ 
sistance  equal  to  Aft^/A/,  a  perfect 
rectifier,  and  a  battery  where  ft, 
is  the  voltage  intercept  of  a  line 
drawn  tangent  to  the  curve  at  the 
operating  point. 

In  one  application  the  capacitor  is 
charged  between  pulses  through  a  re¬ 
sistance  from  a  d-c  source.  The 
switch  is  a  vacuum  tube  which  is 
normally  nonconducting  but  is 
turned  on  at  regular  intervals  to  dis¬ 
charge  part  of  the  stored  energy 
into  the  magnetron  in  the  form  of 
rectangular  pulses.  With  a  constant 
magnetic  field  applied  to  the  mag¬ 
netron,  the  output  frequency  of  the 
magnetron  is  a  function  of  its  peak 
current.  Consequently,  to  prevent 
frequency  shift  during  the  pulse,  it 
is  important  that  the  discharge  cur¬ 
rent  be  maintained  very  nearly  con¬ 
stant. 

Of  course,  the  current  can  be  held 
nearly  constant  by  making  the  ca¬ 
pacitor  C  very  large.  However,  high- 
voltage  capacitors  are  physically 
large  and  heavy,  and  therefore  pre¬ 
sent  serious  difficulty  in  aircraft  sets 
where  space  and  weight  are  at  a 
premium.  Addition  of  the  resis¬ 
tance-inductance  network  permits 
the  use  of  smaller  capacitors  for  a 
given  pulse  duration,  or  with  a  given 
size  capacitance  the  pulse  generator 
can  produce  longer  pulses.  These 
advantages  are  best  illustrated  by 
numerical  example. 

First  consider  the  case  without  the 
addition  of  the  resistance-inductance 
network.  The  current  is  found  by 
simple  circuit  analysis 

i  ^  (17) 

Ko 

Typical  values  are 

E  —  14,000  volts  , 

Et  —  11,500  volts 
=  200  ohms 

C  =*0.1  microfarad 

Thus 

I  {  14, (XX)  —  11,500 

^  200 

At  the  moment  of  closing  the 
switch  the  current  is  12.5  amp. 
After  one  microsecond  the  current  is 
11.9  amp.  This  change  represents  a 
current  drop  of  about  five  percent, 
which  is  barely  tolerable  with  some 
magnetrons. 

Now  an  ft-L  network  is  inserted. 


giving  the  circuit  of  Fig.  2  with 
L  =  R^C.  The  resistance  might  be 
50  ohms.  The  inductance  must  be 
250  fihf  and  (L/ft)  =  5  x  10-.  By 
conventional  circuit  analysis  the  cur- 
rent  as  a  function  of  time  is  found 
to  be 


E  —  Eo 
R  -\r  R^ 


(1/2/3)  X 


((/3-a)«“<^  +  *>*  + 

(a -h /S)€“<«  ~  ^‘1 

where  a  =  l/2ftC 


/3  »  a 


r  ft.  -  3ft  "ii/* 

L  R>  +  R  J 


At  the  moment  of  closing  the 
switch  the  current  is  now  ten  am- 
peres.  After  one  microsecond  it  has 
fallen  to  9.96  amp.  In  this  case  the 
current  drop  is  less  than  0.5  percent. 

If  it  were  desirable  to  maintain 
the  same  magnetron  operating  point 
as  before  with  an  average  pulse  cur¬ 
rent  of  approximately  12.2  amp,  it  is 
only  necessary  to  raise  the  voltage  on 
C  to  14,550  instead  of  14,000  volts. 


FIG.  5 — Load  choractorisUc*  oi  d-c  oood. 
circuit  of  magnetron  con  be  simulated  by 
battery  and  resistor 


FIG.  6— An  equivalent  magnetron  pulsing 
circuit  containing  a  storage  capacitor 
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The  initial  current  is  then  12.20  amp, 
and  at  the  end  of  one  microsecond 

=  12.15  amp,  still  less  than  a  0.5- 
percent  droop. 

With  the  voltage  raised  to  14,625 
volts,  the  initial  current  is  again 
12.5  amp,  but  it  takes  four  micro¬ 
seconds  for  it  to  drop  to  11.9  amp, 
the  value  reached  in  one  microsec¬ 
ond  without  the  addition  of  the  re¬ 
sistance-inductance  network.  Thus 
the  R-L  network  permits  increasing 
the  pulse  length  by  a  factor  of  four, 
provided  the  same  percentage  droop 
in  current  can  be  tolerated  as  for  the 
shorter  pulse. 

If  C  =0.025  /nf  and  R  remains  50 
ohms,  L  must  be  62.5/xh.  Then  with 

=  14,625  volts,  the  initial  current 
is  12.5  amp,  and  at  the  end  of  one 
microsecond,  i  =  11.9  amp.  Thus, 
for  one  microsecond  pulse  duration 
the  capacitance  can  be  decreased  by 
a  factor  of  four* without  causing  a 
greater  droop  than  was  obtained 
without  the  R-L  network. 


.-5;  I'J  s  ^ 


••.c- •  f  *  -  ■  • 


FIG.  7 — Percent  deriation  from  a  constant 
leTsI  oTor  a  given  time  can  be  reduced  by 
adjusting  tbe  corrective  network 


FIG.  8 — A  corrective  network  can  be  made 
entirely  of  reactive  elements 


It  may  be  noticed  that  the  values 
of  L/R  in  all  these  examples  do  not 
perfectly  satisfy  the  requirement 
that  L/R  >  AT,  and  that  the  assump¬ 
tion  that  c'^*'*^*  equals  unity  for  the 
duration  of  the  pulse  is  not  quite 
true.  As  a  result,  the  current  pulses 
are  not  constant  but  droop  slightly. 
To  fulfill  this  condition  rigorously 
and  also  have  L  =  R^C,  it  would  be 
necessary  to  choose  higher  values 
for  R  and  L.  Then  this  droop  would 
be  practically  eliminated,  but  as  R 
is  increased,  the  power  supply  po¬ 
tential  E  must  be  increased,  and  the 
power  loss  in  R  becomes  greater.  In 
practice,  the  selection  of  values  of 
R  and  L  is  a  compromise  between 
minimum  current  droop  and  mini¬ 
mum  power  loss. 

The  requirement  that  L  =  R^C  is 
also  not  critical.  When  the  condition 
L/R  »  AT  is  rigorously  fulfilled,  a 
value  of  L  less  than  R'C  would  cause 
the  current  to  rise  linearly  during 
the  pulse,  whereas  if  L  were  greater 
than  Rj^C,  the  R-L  network  would  not 
be  entirely  effective  in  minimizing 
the  current  droop.  In  some  cases  it 
may  be  better  to  choose  L  less  than 
i?*C,  and  L/R  of  the  same  order  as, 
or  even  less  than,  AT  so  that  the  cur¬ 
rent,  although  remaining  within  an 
allowable  percentage  deviation  from 
a  specified  mean  value,  first  rises  and 
then  falls  as  shown  in  Fig.  7. 

Practical  Design 

By  more  comprehensive  circuit 
analysis  or  by  experimentation, 
values  of  R  and  L  can  be  determined 
for  any  given  set  of  conditions  which 
will  permit  increase  in  pulse  dura¬ 
tion  AT  or  decrease  in  the  required 
value  of  storage  capacitance  up  to  a 
factor  of  eight  or  ten,  with  very 
small  loss  of  power.  To  obtain  best 
results,  the  choice  of  R  and  L  can 
also  be  influenced  to  some  extent 
by  other  practical  considerations  not 
mentioned  here.  For  example,  it  is 
conceivable  that  under  certain  condi¬ 
tions  stray  capacitance  across  the 
pulse  generator  switch  and  across 
the  magnetron  may  form  a  resonant 
circuit  with  L  and  give  rise  to  unde¬ 
sirable  postpulse  oscillations.  A  com¬ 
promise  in  the  choice  of  R  and  L  may 
be  necessary  to  produce  the  neces¬ 
sary  damping. 

Work  was  done  by  B.  Chance,  R. 
M.  Walker,  and  others  at  Radiation 
Laboratory  and  elsewhere  on  im¬ 


provement  in  linearity  of  voltage 
rise  across  capacitors  used  in  timing 
circuits,  beginning  in  1942.  One 
method  employed  inductance  in 
series  with  resistance  and  capaci¬ 
tance,  with  appropriate  tube  switch¬ 
ing  to  select  only  a  small,  linearly 
rising  portion  of  the  exponential 
voltage.  However,  in  these  low-level 
circuits  power  loss  is  usually  an  un¬ 
important  consideration  and  magni¬ 
tudes  of  resistance,  inductance,  and 
capacitance  differ  appreciably  from 
those  recommended  by  the  preceding 
analysis. 

For  a  treatment  of  linear  timing 
circuits  the  reader  is  referred  to  the 
Radiation  Laboratory  Technical 
Series  volume  entitled  “Waveforms” 
now  being  edited  for  publication. 
For  a  recent  application  of  the  paral¬ 
lel  resistor-inductor  network  to  im¬ 
prove  linearity  of  high-speed  sweep 
see  Radiation  Laboratory  Report 
1001  by  D.  F.  Winter,  and  the  as  yet 
unpublished  Radiation  Laboratory 
Technical  Series  volume  entitled 
“Cathode  Ray  Tube  Displays”. 

Dissipationless  Circuit 

Another  method  for  minimizing 
magnetron  pulse  current  drop  has 
been  suggested  both  at  Radiation 
Laboratory  and  elsewhere.  A.  A. 
Varela,  Naval  Research  Laboratory, 
Washington,  D.  C.,  described  the  use 
of  an  L-C  network  composed  only  of 
passive  elements  L,,  Z/„  and  C„  as 
shown  in  Fig.  8.  The  network  is  used 
in  place  of  the  parallel  R-L  unit.  Such 
a  network  will  accomplish  the  de¬ 
sired  result  but  has  the  disadvantage 
of  requiring  one  more  circuit  ele¬ 
ment  including  a  second  capacitor  of 
medium  voltage  rating.  Although 
this  type  of  pulse-forming  network 
is  composed  of  lossless  elements,  the 
voltage  drop  during  the  pulse  due  to 
the  network  surge  impedance  causes 
an  effective  loss  in  pulse  power 
which  is  comparable  to  losses  in 
equivalent  R-L  networks.  The  en¬ 
ergy  remaining  in  L,,  Ci,  and  L*  at 
the  end  of  the  pulse  may  be  dis¬ 
sipated  in  post  pulse  oscillations. 
Therefore,  in  view  of  these  consider¬ 
ations,  it  seems  advisable  for  most 
applications  to  use  the  simpler  R-L 
network. 


This  paper  is  based  on  work  done  for  the 
Office  of  Scientific  Research  and  Development 
under  contract  UEM8r-262  with  the  Radiation 
Laboratory,  Massachusetts  Institute  of  Tech¬ 
nology. 
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FIG.  1 — Cutaway  thowi  method  of  ieedinq  antenna 


WN  ANTENNA  for  use  in  the  158-162 
XaDic  band  on  trains  must  satisfy 
several  requirements.  It  should  be  es¬ 
sentially  omnidirectional  in  the  hori¬ 
zontal  plane  because  the  train  may  be 
oriented  in  any  direction  with  re¬ 
spect  to  the  various  fixed  stations 
with  which  communication  is  de¬ 
sired.  The  angle  of  radiation  of  the 
antenna  should  be  kept  as  low  as  pos¬ 
sible  in  order  to  get  a  maximum  con¬ 
centration  of  energy  in  the  horizon¬ 
tal  plane  because  the  omnidirectional 
.requirement  prohibits  concentrating 
the  energy  in  one  horizontal  direc¬ 
tion  at  a  sacrifice  in  some  other  hori¬ 
zontal  direction.  The  antenna  should 
be  sufficiently  rugged  mechanically 
that  men  walking  along  the  top  of 
the  train  can  take  hold  of  it  for  sup¬ 
port  without  causing  damage  to  it. 

At  the  present  writing,  indica¬ 
tions  are  that  train  antennas  should 
be  vertically  polarized  as  audio  modu¬ 
lation  caused  by  the  train  moving 
past  telephone  poles  and  other  struc¬ 
tures  along  the  right  of  way  seems 


to  be  less  troublesome  for  vertical 
than  for  horizontal  polarization.' 

Choice  of  Antenna  Design 

In  order  to  get  the  maximum  en¬ 
ergy  concentration  in  a  horizontal 
plane,  the  most  desirable  tyi>e  of  an¬ 
tenna  would  be  vertical  colinear  ar¬ 
ray  placed  as  high  on  top  of  the  train 
as  possible.  Because  of  the  restricted 
clearances  of  most  railroads  this  type 
of  array  is  obviously  impossible  at 
these  frequencies.  The  next  best 
type  of  antenna  is  one  that  uses  all 
of  the  available  clearance  and  is  tail¬ 
ored  in  dimensions  and  current  dis¬ 
tribution  for  the  particular  installa¬ 
tion. 

Two  possibilities  that  exist  are 
that  of  placing  a  relatively  long  ver¬ 
tical  antenna  on  some  low  part  of  the 
train  such  as  on  the  tender,  or  of 
placing  a  short  vertical  antenna  on' a 
high  portion  of  the  train  such  as  on 
the  engine  cab.  The  chances  are  that, 
with  the  first  possibility,  reflections 
from  adjacent  parts  of  the  train  that 


are  as  high  as  part  of  the  antenna 
would  cause  the  radiation  pattern  to 
be  far  from  omnidirectional  and 
could  quite  easily  cause  the  radia¬ 
tion  to  be  concentrated  in  the  least 
desired  directions.  Following  the 
.second  possibility,  an  antenna  was 
designed  with  such  small  height  that 
it  can  be  placed  on  top  of  a  train  that 
has  approximately  five  inches  of 
clearance. 

Figure  1  shows  the  method  of  feed¬ 
ing  the  completed  antenna.  Because 
of  corrosive  fumes  present  behind  a 
steam  locomotive,  the  antenna  is  con¬ 
structed  of  stainless  steel.  A  rather 
wide  base  insulator  is  used  to  provide 
a  long  leakage  path  across  the  50-ohin 
feed  point  in  order  to  minimize  the 
effects  of  soot  deposited  on  the  in¬ 
sulator. 

The  antenna  is  5-in.  or  24.3°  tall 
and  is  top  loaded  by  means  of  an  ob¬ 
long  plate  so  that  the  current  is 
nearly  constant  throughout  the 
height  of  the  antenna,  being  a  maxi¬ 
mum  at  the  top.  As  sho'wn.  Member 
2  is  a  steel  pipe  welded  to  the  loading 
plate  and  to  the  ground  plane,  thus 
forming  the  second  leg  of  a  folded 
monopole.  The  folded  tjrpe  of  con¬ 
struction  was  chosen  for  its  mechani¬ 
cal  strength  and  because  it  furnished 
a  simple  means  for  increasing  the 
radiation  resistance  of  the  rather 
short  antenna  in  order  to  facilitate 
the  matching  to  a  50-ohm  transmis¬ 
sion  line. 

iMpodooco  Rolofioot 

Figure  2  shows  the  phase  and  am¬ 
plitude  of  the  measured  current  dis¬ 
tribution  in  the  two  members  of  the 
monopole.  By  changing  the  shape 
of  the  loading  plate  on  top  of  the  an¬ 
tenna  it  is  possible  to  control  this 
current  distribution  within  limits. 
It  was  found  necessary  to  extend  the 
loading  plate  slightly  farther  on  the 
side  of  the  top  fed  member  than  on 
the  side  of  the  base  fed  member  in 


Vhf  Antenna  For  Trains 

By  E.  G.  HILLS 

Enfjineer 

Rflmont  Radio  Corporation 
Chicauo,  HI. 


as 


e  antenna 
pattern  to ' 
onal  and 
:he  radia- 
the  least 
wing  the 
enna  was 
eight  that 
train  that 
inches  of 

>d  of  feed- 
.  Because 
.  behind  a 
ina  is  con- 
A  rather 
to  provide 
he  50-ohin 
limize  the 
>n  the  in- 

24.3“  tall 
of  an  ob- 
urrent  is 
hout  the 
ig  a  maxi- 
1,  Member 
he  loading 
lane,  thus 
a  folded 
€  of  con- 
I  mechani- 
furnished 
asing  the 
he  rather 
facilitate 
transmis- 


id  am- 
it  dis- 
of  the 
shape 
he  an¬ 
il  this 
limits, 
nd  the 
3n  the 
an  on 
her  in 


FIG.  2 — Current  distribution  at  base  of 
antenna  radiators 


order  to  make  the  current  approxi¬ 
mately  uniform  around  the  two  mem¬ 
bers. 

Assuming  that  the  radiation  due 
to  the  current  distribution  is  the 
same  as  that  due  to  a  thin  filament  of 
current  located  midway  between  the 
two  members  of  the  antenna  and 
equal  to  the  vector  sum  of  an  infinite 
number  of  filaments  of  which  the 
actual  current  distribution  can  be 
considered  as  being  composed,  the 
radiation  resistance  measured  at  the 
bottom  of  the  base  fed  element  can 
be  computed  quite  simply.  This  as¬ 
sumption  is  not  rigorously  correct  be¬ 
cause  of  phase  differences  between 
radiations  of  the  various  filaments  in 
the  actual  distribution  and  also  be¬ 
cause  of  variations  in  the  top  loading 
of  the  different  filaments,  but  is  close 
enough  to  give  a  useful  answer.  A 
graphical  determination  of  the  vec¬ 
tor  sum  of  the  current  filaments  in 
the  actual  distribution  gives  a  cur¬ 
rent  of  13.3  at  plus  12.4"  for  both 
monopoles  together  and  a  current  of 
8.2  at  11.8*  for  the  base  fed  member 
alone.  The  unit  in  which  these  cur¬ 
rents  are  measured  is  not  important 
as  it  cancels  out  in  the  resistance 
computations. 

Where  R,  is  the  radiation  resist¬ 
ance  of  the  imaginary  filament  at 
the  center  of  the  antenna  which  is 
considered  as  carrying  all  of  the  cur¬ 
rent,  the  power  radiated  by  the  whole 


Top  loaded,  folded,  vertically  polarized,  monopole  an¬ 
tenna  concentrates  radiation  close  to  the  «;round  in  an 
omnidirectional  pattern.  Antenna  is  only  five  inches 
high,  mechanically  rugged,  and  has  an  input  imped¬ 
ance  of  fifty  ohms.  Design  techni(pies  are  described 


antenna  is  13.3‘i2,.  The  radiation  re¬ 
sistance  referred  to  the  current  at 
the  feed  point  is  the  antenna  power 
divided  by  the  square  of  the  current 
at  the  feed  point*  and  is 

(13.3/8.2)*i2,  =  2.62  (1) 

Antenna  Feeding 

Figure  3  shows  the  current  dis¬ 
tribution  in  a  vertical  plane  of  the 
antenna.  It  will  be  noted  that  the 
antenna  is  not  fed  at  a  current  loop 
but  is  fed  below  the  current  loop. 
There  are  two  reasons  for  this  prac¬ 
tice.  One  is  that,  by  raising  the  po¬ 
sition  of  the  current  maximum  in  an 
antenna  of  this  type  to  a  point  near 
the  top,  it  is  possible  to  increase  the 
radiation  along  the  horizontal*.  The 
other  is  that,  due  to  the  need  for  a 
large,  rugged  base  insulator  which 
shunts  the  feed  point  with  a  capaci¬ 
tance,  it  is  desirable  for  purposes  of 
matching  to  the  transmission  line  to 
make  the  antenna  slightly  inductive. 
Feeding  the  antenna  at  a  point  below 
the  current  loop  not  only  has  the 
effect  of  making  the  antenna  induc¬ 
tive,  but  also  causes  the  radiation  re¬ 
sistance  to  increase  by  a  factor 
1/sin’G  where  G  is  the  angular 
height  above  the  base  to  the  point 
at  which  the  antenna  current  would 
reach  a  minimum  if  it  were  not  sup¬ 
pressed  by  the  top  loading  plate.* 
The  radiation  resistance  of  the 
current  filament  referred  to  a  cur¬ 
rent  loop  can  be  computed  from  the 
formula* 

=  30  I  sin®B  [(sin  2A/2A)  —  1]  — 

0.5  cos  (2G)5,(4.4)-f[l  +  cos  (20)]  X 
5i(2.4)  -f  sini2G)  [0.5Si(44)  -  Si(2^)]  j  (2) 

where  G  =  A  -f  B,  and  A  is  the  an¬ 
gular  height  of  the  antenna  top 
above  the  ground  plane  and  B  is  the 
angular  height  of  suppressed  radi¬ 
ation,  and  Si  =  InX  -f  0.5772  — 
Ci(X). 

Si(X)  — dx 

J*  X 


ci{X)  =  r' — dx 

^  CO  X 

This  radiation  resistance  is  6.77 
ohms.  Referring  this  resistance  to 
the  base  of  the  antenna  gives 
6.77/sin*114.3"  =  8.15  ohms.  Substi¬ 
tuting  this  value  in  Eq.  1  gives  21.4 
ohms.  Because  the  value  of  G  is 
greater  than  90",  the  antenna  has  an 
inductive  component  of  25  ohms  at 
the  base.  The  negative  susceptance 
due  to  this  inductive  component  is 
cancelled  by  the  positive  susceptance 
due  to  the  capacitance  of  approxi¬ 
mately  43  ohms  across  the  bakelite 
insulator  at  the  base  of  the  monopole 
as  seen  in  Fig.  1.  The  equivalent 
circuit  of  the  feed  point  is  shown  in 
Fig.  4.  It  is  the  circuit  of  a  parallel 
resonant  circuit  of  extremely  low 
Q.  The  input  impedance  of  the  an¬ 
tenna  is  therefore  the  parallel  reso¬ 
nant  impedance  of  this  circuit  and  is 
a  pure  resistance  of  50  ohms. 

In  the  actual  development  of  the 
antenna,  preliminary  calculations 
were  made  assuming  an  increase  of 
radiation  resistance  due  to  the  fold¬ 
ing  of  the  monopole  of  three  over 
Rt  rather  than  the  2.62  finally  ob¬ 
tained.  The  amount  of  top  loading 
required  to  give  the  desired  vertical 
current  distribution  was  determined 
experimentally  •  by  sliding  three 
metal  plates  over  each  other  until  a 
value  of  total  current  with  respect 
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FIG.  3 — Vertical  distribution  oi  antenna 
current 
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get  the  current  maximum  as  high  even  if  the  current  distribution  in 
above  the  train  as  possible.  The  the  plate  were  ssntnmetrical  about  the 

possibility  exists  of  placing  several  two  axes  of  the  plate,  radiation  from 

such  top  loaded  antennas  atop  a  the  plate  would  be  zero  only  in  direc- 
train  in  the  form  of  an  array  to  give  tions  normal  to  the  plate.  The  cur- 
greater  directivity  when  communica-  rents  in  the  vertical  members  of  the 
tion  is  to  be  carried  on  with  a  sta-  antenna  as  shown  in  Fig.  2  indicate 
tion  or  stations  in  a  constant  direc-  that  the  distribution  in  the  loading 
tion  with  respect  to  the  axis  of  the  plate  can  not  be  sjmimetrical  so  that 

train.  An  array  of  extremely  high  radiation  should  be  expected  even  in 

directivity  could  be  obtained  by  plac-  directions  normal  to  the  loading 
ing  many  such  antennas  along  the  plate, 
top  of  the  train  in  the  form  of  an  _ 


MfTENNA 


RAOUnON 

RESISrAMCE 


FIG.  4 — ^EqulTolont  circuit  of  antenna  as 
seen  from  Its  input 


to  current  in  the  base  fed  member 
was  found  for  which  there  existed 
a  single  value  of  base  capacitance 
that  would  make  the  antenna  resis¬ 
tive  at  the  same  time  that  its  im¬ 
pedance  was  50  ohms.  The  standing 
wave  ratio  of  the  antenna  taken  on  a 
50-ohm  line  is  shown  in  Fig.  5.  The 
impedance  match  is  affected  by  the 
size  of  the  ground  plane  and  with 
the  30-  by  30-in.  steel  plate  for 
ground,  the  standing  wave  ratio  is 
1.1  to  1.0. 

Radiotiou  Pattern 

As  may  be  expected,  the  effect  of 
the  ground  plane  is  very  great  on 
the  radiation  pattern  of  the  antenna. 
Figure  6A  shows  the  vertical  radia¬ 
tion  pattern  with  only  a  30-  by  30- 
in.  steel  plate  as  a  ground  plane. 
Figure  6B  shows  the  radiation  pat¬ 
tern  taken  with  a  6-  by  6-ft.  screen 
as  a  ground  plane.  Figure  6C  shows 
the  radiation  pattern  with  an  infinite 
ground  (taken  by  mounting  two 
identical  antennas  base-to-base  on  a 
rotating  pedestal,  thus  replacing  the 
image  of  one  antenna  in  the  ground 
by  an  actual  antenna).  Also  shown 
on  Fig.  6C  is  the  theoretical  pattern 
computed  from  the  current  distribu¬ 
tion  of  Fig.  3*. 

The  horizontal  radiation  pattern 
of  the  antenna  is  nearly  circular  with 
the  radiation  in  a  direction  at  right 
angles  to  a  plane  formed  by  the  two 
members  of  the  monopole  being  ten 
percent  less  than  that  in  the  direc¬ 
tion  of  their  plane. 

The  problem  of  obtaining  directiv¬ 
ity  in  an  antenna  to  be  used  atop  a 
train  is  rather  difficult  because  the 
least  space  is  available  in  the  direc¬ 
tion  in  which  it  is  the  most  needed, 
namely,  the  vertical.  Antennas  of 
the  type  described  in  this  paper  are 
nice  mechanically  but  their  only 
claim  to  concentration  of  energy 
into  the  vertical  plane  is  that  they 


FIG.  5 — Standing-war*  ratio  produced  on 
a  50-ohm  lin*  by  th*  ontenna 


end-fire  array  and  switching  the 
transmitting  and  receiving  equip¬ 
ment  to  this  array  when  the  train 
is  going  to  be  on  a  stretch  of  straight 
track  for  many  miles. 

It  is  difficult  if  not  impossible  to 
predict  what  the  pattern  of  a  single 
antenna  will  be  when  placed  atop 
trains  in  which  space  for  a  ground 
plane  is  limited.  The  most  obvious 
recourse  is  to  investigate,  by  field 
measurements  on  the  train  itself, 
the  direction  in  which  energy  is 
radiated.  The  patterns  of  Fig.  6A 
and  6B  indicate  that  greater  signals 
are  obtained  along  the  horizontal 
with  the  smaller  ground  plane.  This 
result  is  probably  because  the  30-  by 
30-in.  ground  plane  was  so  small  that 
it  did  not  prevent  antenna  currents 
from  flowing  in  the  column  on  which 
the  antenna  was  mounted  during 
test. 

The  curve  of  Fig.  6C  is  calculated 
on  the  assumption  that  there  is  no 
radiation  from  the  top  loading  plate. 
This  assumption  is  not  valid  because 
the  loading  plate  is  an  appreciable 
portion  of  a  wave  length  long,  and 


FIG.  6 — Vertical  radiation  pattern  of  an¬ 
tenna  with  (A)  a  30-in.  square  ground 
plate.  (B)  a  6-ft.  square  ground  plate,  and 
(C)  on  infinite  ground  plate 


There  are  of  course  many  manners 
in  which  the  impedance  of  an  an¬ 
tenna  of  this  type  could  be  matched 
to  the  transmission  line.  One  of  the 
most  obvious  would  be  to  use  top 
loading  such  that  the  value  oi  G 
would  be  90“  and  then  use  a  top  fed 
member  of  such  diameter  that  the 
radiation  resistance  of  the  combina¬ 
tion  would  equal  the  characteristic 
impedance  of  the  transmission  line. 
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Cinch  Know  How 


Motion  pictures,  telephone,  airborne 
radio,  broadcasting  equipment,  electric 
organs  and  other  electrical  equipment 
need  instant  replacement  when  failures 
in  electronic  circuits  occur  at  the 
capacitor  connections.  .Cinch  Know 
How  solved  this  problem.  Write  for 
details  and  samples  of  our  copacitor 
plug-in  sockets. 
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Mutual  Inductance  of 
Concentric  Coils 

For  air-core  transformers  with  greater  length  than  diameter,  such  as  are  generally  used 
in  r-f  service,  this  nomograph  provides  pertinent  design  data  in  three  settings  of  a 
straightedge  and  clearly  shows  the  effects  of  changes  in  parameters 


By  THOMAS  C.  BLOW 

liaggachtuettg  Ingtitute  of  Technology 
Cambridge,  Mage. 

nomogram  facilitates  the  design  of  if  =  n  nasi 

these  transformers.  ’  (D*  X 

Examination  of  the  relationship  The  accuracy  of  this  approximation 
for  coaxial  solenoids  (Circular  C74,  jg  ^thln  three  percent  for  most 
.S**”**'  Standards,  Jan.  conditions.  From  this  formula  a 
1937,  p  281-282)  reveals  that  for  gjmple  nomograph,  which  allows  an 
values  of  D/I  less  than  unity  the  investigation  of  the  effects  of  the 
formula  reduces  approximately  to  parameters,  can  be  plotted.  For 

given  coil  dimensions,  M  is  directly 
proportional  to  the  product  of  pri¬ 
mary  and  secondary’  turns.  For  a 
given  value  of  d,  the  outer  diameter 
D  does  not  greatly  influence  the 
mutual  inductance,  and  the  length 
of  the  shorter  coil  has  no  effect  on 
the  mutual  inductance. 

To  show  the  use  of  the  chart, 
consider  a  design  where  the  outer 
coil  is  to  be  the  shorter.  Choosing 
I  as  8  in.,  d  as  3  in.,  and  Z>  as  4  in., 
draw  a  line  (1)  through  f  =  8  and 
D/I  =  0.6  extending  to  the  M  scale. 
Connect  this  intersection  on  M  to' 
d  =  3  with  a  straight  line  (2).  Use 
the  resulting  intersection  with  the 
I  scale  as  a  turning  point  for  select¬ 
ing  compatible  values  of  Nn  and 
3f,  draw  a  straight  line  *(3).  If, 
as  sho\\Ti,  the  mutual  inductance  is 
to  be  2  mh,  the  turns  product  should 
be  80.  With  16  turns  on  the  longer 
coil,  5  turns  would  be  required  on 
the  shorter  one.  It  should  be  noted 
that  the  5  turns  can  be  wound  with 
any  spacing  without  materially 
changing  the  value  of  M.  The  chart 
can  be  used  to  determine  any  one 
of  the  variables  I,  d,  D,  Nn,  or  M 
when  the  others  are  known  as  long, 
as  the  sequence  of  operations  is  pre¬ 
served,  namely  1,2,3"  or  3,2,1. 
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INCHES.  Mn  IS  PRODUCT 
Of  PRIMARY  AND  SECOND¬ 
ARY  TURNS.  M  IS  IN 
MICROHENRYS 


Mutual  inductance  between 
two  concentric  single-layer 
air-core  solenoids  is  a  circuit  value 
that  defies  simple  analysis.  Mutual 
inductance  is  dependent  on  coil 
dimensions  in  such  an  involved 
manner  that  design  of  a  radio-fre¬ 
quency  transformer  is  difficult.  This 
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r  Rugged  Service ! 


Built  Like  a  Steel  Bridge 


There  are  no  liquids,  bulbs  or  moving  parts  in  Mallory 
magnesium  copper  sulphide  rectifiers.  There’s  nothing  to 
give  trouble  or  wear  out  quickly. 


On  the  contrary,  Mallory  rectifiers  are  solid  and  compact — 
built  of  metal  throughout.  They  are  practically  immune  to 
injury  or  abuse. 


Even  should  one  of  the  radiating  plates  accidentally  suffer 
damage,  the  efficiency  of  the  rectifier  would  not  be  affected. 
That’s  because  all  the  vital  rectifying  material  is  inside  the 
rectifier — the  outside  fins  are  for  radiation  only. 


MALLORY 

Magnesium  Copper  Sulphide 

RECTIFIERS 

Durable  all-metal  construc¬ 
tion 

Small  size,  light  weight 

No  moving  parts  to  wear  out  B 

Output  unaffected  by  tern-  I 

peratures  H 

Maximum  overload  range  I 

Constant  output  during  ■ 

^  rectifier  life  ■ 

Low  operation  cost  I 


(Above)  Thr  Mailory  Rectoplaur*  UM-ISOOA, 

line  oj  a  vompUtr  line  of  DC  Potter  Supply 
I'nin  manufactured  by  Mallory.  It  inrarporatee 
Mallory  Rectifier 6  SPR  750  illustratedatthetop. 


Right  from  the  start  you  can  depend  on  Mallory  magnesium 
copper  sulphide  rectifiers  for  extra  strength  and  operating  life 
.  .  .  just  tw'o  more  reasons  why  they  outsell  all  other  types 
of  dry  disc  rectifiers.  See  your  Mallory  distributor  or  write 
direct  for  literature  or  engineering  help. 


•Reg.  U.  S.  Pot.  Off. 
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mMLLUR  I  RECTIFIERS 

MA«NISIIIM  COPrit  tUlPNIDI  IICTIPII*t> 
STATIONAtY  AND  PORTADil  D.  C.  POWID  tUPPlIlt  — 
iATTIRY  CNARDIRt  AND  AVIATION  RICTORTARTIRt  * 
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tive  to  the  marker  pulse,  in  accord¬ 
ance  with  the  applied  audio  sig^nal. 

After  time  modulation  and  marker 
shaping,  the  nine  pulse  sequences 
are  interleaved  and  fed  to  the  mixer 
shaper  for  further  amplification 
and  improvement  of  pulse  shape. 
From  here  the  pulses  are  trans¬ 
mitted  at  a  peak  level  of  five  volts 
over  70-ohm  solid  dielectric  coaxial 
transmission  line  to  the  r-f  tran.x- 
mitter.  The  repetition  rate  of  the 
combined  pulse  sequence  is  9  x  24 
kc  or  216  kc. 

R-F  Section 
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Pulse  Time  Modulation  Circuits 


The  r-f  transmitter  con.sists  of  a 
modulator  and  an  oscillator.  The 
modulator  is  a  wide-band  pulse  amp¬ 
lifier  raising  the  time-modulated 
pulses  from  five  volts  to  approxi¬ 
mately  300  volts  for  grid  keying  the 
930-imc  oscillator.  The  latter  con¬ 
tains  an  air-cooled  uhf  triode  type 
2214-B  which  is  tuned  by  an  auxil¬ 
iary  resonant  coaxial-line  element. 
Single-control  tuning  is  provided 
within  the  operating  range  of  920  to 
940  me  and  pretuning  to  this  fre¬ 
quency  range  is  accomplished  by 
adjustable  shorting  sections  in  the 
resonant  transmission  line  ele- 
meftts.  The  oscillator  has  high  in¬ 
herent  frequency  stability  so  that 
further  stabilization  is  omitted  in 
the  experimental  equipment. 

A  calibrated  frequency  meter 
mounted  on  the  control  panel  is 
provided  for  monitoring  purposes, 
and  oscilloscope  jacks  are  available 
for  examining  the  pulse  output 
characteristics.  An  output  power  de¬ 
tector  can  be  used  in  routine  main¬ 
tenance  checks. 

Receiver  Circuits 


out  360  degrees  in  a  horizontal 
plane. 

A  block  diagram  of  the  system  is 
shown  in  Fig.  1.  The  multiplex 
modulator  consists  of  a  sawtooth 
pulse  generator,  a  delay  line  syn¬ 
chronizer,  an  audio  amplifier  for 
each  channel,  a  time  modulator  for 
each  channel,  a  marker  pulse  shaper, 
and  a  mixer  shaper. 

The  9,000-cycle  audio  fidelity  is 
assured  by  the  use  of  a  24-kc  saw¬ 
tooth  pulse  generator,  and  the  basic 
timing  of  the  pulse  channels  is  ob¬ 
tained  by  a  series  of  stable  time  de¬ 
lay  elements,  tapped  at  nine  suc¬ 
cessive  i>oints.  By  this  method, 
nine  pulse  sequences  are  produced, 
each  having  the  basic  24-kc  repe¬ 
tition  rate,  but  displaced  from  the 
previous  sequence  by  an  equal  time 
interval. 

One  pulse  sequence  is  fed  to  the 
marker  pulse  shaper  which  gene¬ 
rates  a  double  pulse  for  use  as  a 
time  reference  base  in  separating 
the  various  programs  at  the  re¬ 
ceiver.  The  remaining  eight  saw¬ 
tooth  pulse  sequences  are  fed  to  the 
corresponding  time  modulators  of  The  directive  receiving  antenna 
each  program  channel  where  they  consists  of  a  double  dipole  at  the 

are  converted  to  rectangular  pulses  focal  point  of  a  parabolic  reflector, 
varying  in  time  displacement,  rela-  This  has  a  gain  of  17  db  in  the  re- 


ClRCUIT  DATA  On  pulse  time  modu¬ 
lation  (Electronics  Jan.  1945  p 
100)  has  been  released  by  Federal 
Telecommunication  Laboratories  at 
a  recent  demonstration.  The  method 
of  multiplexing  involves  the  trans¬ 
mission  of  a  series  of  pulses,  each 
about  0.5  microsecond,  w'hich  are 
modulated  by  varying  the  time  in¬ 
terval  between  pulses.  At  the  re¬ 
ceiver,  proper  selection  of  the  pulses 
is  made  by  simple  timing  circuits 
so  that  several  channels  can  be 
transmitted  on  a  single  carrier. 

The  transmitting  equipment  dem¬ 
onstrated  takes  eight  modulating 
signals  from  several  studios  at  line 
level  over  an  audio-frequency  range 
of  50  to  9000  cycles  per  second. 
Eight  sequences  of  pulses,  derived 
from  a  common  pulse  generator,  are 
individually  time-modulated  by  the 
corresponding  programs,  inter¬ 
leaved  with  a  sequence  of  marker 
pulses,  and  fed  to  the  r-f  modulator 
for  further  amplification  and  key¬ 
ing  of  the  930-megacycle  oscillator. 
The  output  of  the  transmitter  is 
approximately  800  to  1000  watts 
peak  and  40  to  50  watts 
average.  This  is  fed  to  a  vertically 
stacked  loop  antenna  having  a  gain 
of  9  decibels  over  a  dipole  through- 
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FIG.  2 — In  the  rnenirer,  pulses  are  separated  and  sorted  to 
provide  eight  S.OOO-cycle  audio  channels  md  dr  audio.  fac¬ 
simile.  and  telegraph  services 


FIG.  1 — Basic  portions  of  Federal's  pulse  time  modulation 
system.  Use  o!  the  omnidirectional  transmitting  antenna  per¬ 
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TOMORROW’S 


FOR  DESIGNS  OF  TODAY 


SERIES  ISO 


SERIES  595 
MIDGET  RELAY 


SERIES  40  A  C 
LAMINATED  RELAY 


SERIES  M10 
TIME  DELAY  RaAY 
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SOLENOID 


Behind  this  view  of  typical  Guardian  Relays  •  •  •  designed  foi 
today  and  tomorrow  ...  is  a  myriad  of  modem  products  that 
start,  stop,  count,  time,  see,  hear,  talk,  fly,  select,  record  .  .  . 
each  controlled  by  Guardian  Relays,  tehind  the  scene  at 
Guardian  Electric,  alert,  experienced  engineers  are  constantly 
thinking  and  planning  ahead  to  benefit  product  designers  in 
every  branch  of  American  industry. 

Guardian  Relays,  specified  by  design  engineers  because  of 
■ncrecKble  responsiveness  and  dependability,  operate  day  and 
night.  Continuously.  Unfailingly.  Bosk  in  type,  the  maiority  of 
Guardian  Relays  are  adaptable  to  an  almost  endless  number 
of  variations.  Where  **specials**  vrere  formerly  deemed  neces¬ 
sary,  variations  of  Guardian  bosk  type  relays  have  proved  better 
qualified  on  perfermonce  — prke— -delrvery.  Yet,  if  a  **speciar’  unit 
or  complete  control  assembly  is  needed.  Guardian's  expert  en¬ 
gineering  is  at  your  command.  Write  for  Bulletin  TR-9. 


CHICAGO  12,  ILLINOIS 


1625-M  W.  WALNUT  STREET 


ceiving  direction.  The  receiver  is 
fixed  tuned  and,  as  shown  in  Fig.  2, 
its  circuit  is  conventional  in  the 
front  end  with  a  local  oscillator,  a 
mixer,  and  an  i-f  amplifier.  To  these 
are  added  a  pulse  detector  and  lim¬ 
iter,  a  marker  pulse  separator,  a 
pulse  time  selector,  and  a  time  de¬ 
modulator  that  acts  as  the  audio 
detector.  A  type  1N28  crystal  is 
used  in  the  mixer,  and  a  broad  i-f 
bandwidth  is  provided  to  pass  the 
pulse  frequencies.  This  also  aids 
in  stability  requirements  and  min¬ 
imizes  regeneration. 

The  pulse  detector  is  of  the  con¬ 
ventional  amplitude  type  and  in¬ 
cludes  clipping  and  shaping  of  the 
pulses  for  further  signal-to-noise 
improvement.  The  pulses  are  then 
passed  on  to  the  audio  detector 
which  performs  two  functions,  time 
selection  of  the  desired  pulse  chan¬ 
nel,  and  its  demodulation  to  give 
the  audio  program  output. 

Delayed  Marker  Pulse 

The  marker  pulse  is  separated 
from  the  channel  pulses  by  means  of 
its  double  pulse  characteristic  and 
fed  to  the  pulse  time  selector.  Here 
it  is  delayed  in  timing,  by  an  amount 
which  depends  upon  the  setting  of 
the  selector  switch,  so  as  to  coincide 
with  the  desired  channel  pulse  se¬ 
quence.  The  delayed  marker  pulse 
is  then  fed  to  the  time  demodulator 
along  with  the  combined  program 
pulse  sequences.  Operation  of  the 
time  demodulator  or  audio  detector 
tube  is  controlled  by  the  delayed 
marker  pulse  so  that  it  functions 
only  at  those  instants  of  time  cor¬ 
responding  to  the  arrival  of  the  de¬ 
sired  program  pulse  sequence.  The 
detected  program  signal  is  then  fed 
to  the  audio  amplifier  and  loud 
speaker  or  associated  terminal  gear 
in  the  case  of  special  services. 

Eight  time  demodulator  sections 
connected  to  the  different  switch¬ 
ing  points  in  the  pulse  time  selector 
section  permit  all  programs  to  be 
received  simultaneously  and  dis¬ 
tributed  for  ultimate  selection  by 
a  number  of  audio  speaker  sections, 
and/or  terminal  equipment  for  fac¬ 
simile  and  various  types  of  tele¬ 
graphic  services. 

Since  each  channel  has  a  band¬ 
width  of  9,000  cycles,  and  since 
telegraph  circuits  require  only 
about  200  cycles  for  60  word-per- 


minute  transmission,  the  use  of 
tone  filters  enables  the  number  of 
sub-channels  for  such  use  to  be  mul¬ 
tiplied.  Therefore  either  the  whole 
width  of  each  channel  may  be  used 
for  high-fidelity  sound,  or  a  con¬ 
siderable  number  of  telegraphic 
services  may  be  sent  over  it. 

In  last  year’s  demonstration  of 
24-channel  ptm,  electronic  switch¬ 
ing  involving  cyclophon  cathode- 
ray  tubes  was  used  to  assemble  the 
pulses  in  correct  sequence  at  the 
transmitter  and  sort  them  out  at 


Rapid  Comparison  of  inductors, 
capacitors,  or  combinations  of  the 
two  is  accomplished  by  the  Mervyn 
reactance  comparator.  Basically  it 
consists  of  two  similar  circuits  con¬ 
taining  inductance  and  capacitance. 
One  circuit  forms  part  of  a  very 
stable  oscillator  while  the  other  is 
a  high-Q  resonator,  the  two  being 
very  loosely  coupled. 

The  natural  frequency  of  the 
resonator  is  varied  about  the  mean 
figure  in  synchronism  with  a 
pointer  vibrating  in  front  of  a 
scale.  At  the  instant  when  the 
resonator’s  natural  frequency 
equals  that  of  the  oscillator,  the 
scale  is  illuminated  by  a  brief  flash 
of  light  from  a  neon  lamp.  This 
action  is  repeated  at  the  line  fre¬ 
quency  so  that  when  the  two  cir¬ 
cuits  are  equal  the  pointer  appears 
to  remain  still  due  to  the  strobo¬ 
scopic  effect. 

The  basic  circuit  of  the  instru- 


the  receiver.  The  nonelectronic  LC 
delay  lines  used  in  place  of  switch- 
ing  tubes  in  the  latest  demonstra¬ 
tion  utilize  techniques  developed 
during  the  war  for  radar  pulse  cir¬ 
cuits,  arid  illustrate  emphatically 
that  the  efficiency  and  success  of 
pulse  time  modulation  does  not 
hinge  on  specially  designed  switch¬ 
ing  tubes.  Still  other  ways  of  as¬ 
sembling  and  sorting  pulses  are  be¬ 
ing  tried  by  I.T.&T.  engineers,  with 
many  offering  promise  of  future 
useful  application. 


ment  is  shown  in  Fig.  1.  A  dyna- 
tron  oscillator  is  used  as  the 
standard  since  it  will  oscillate 
readily  with  any  combination  of 
inductance  and  capacitance,  has 
high  dynamic  resistance  at  its 
resonant  frequency,  and  does  not 
require  a  tapped  or  double-wound 
coil  because'  it  is  a  negtive-re- 
sistance  oscillator.  The  natural 
stability  of  the  output  is  increased 
by  coupling  it  to  an  amplitude 
limiter  consisting  of  a  diode  which 
rectifies  some  of  the  dynatron  out¬ 
put  and  uses  it  to  reduce  the 
oscillator’s  cathode  current  to  a 
level  determined  by  the  setting  of 
the  delay  bias  on  the  diode. 

The  resonator  circuit  is  similar 
to  that  of  the  oscillator  except  that 
the  amount  of  negative  resistance 
supplied  by  the  dynatron  tube  is 
controlled  manually  to  a  point 
where  the  Q  of  the  LC  circuit  is 
high,  but  is  below  the  self-oscilla- 


Fig.  1 — Euential  stages  of  the  reactance  comparator.  Within  its  rueful  range, 
inductance  con  be  checked  against  a  standard  with  an  accuracy  better  than 
one  percent,  and  capacitance  within  0.1  percent 
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The  new  Sargent  Integralock;  the  first  completely  engi¬ 
neered,  precision  cylinder  lock  in  which  all  parts,  knobs 
excepted,  are  for  the  first  time  made  of  high-strength, 
pressure-formed  metals  instead  of  castings. 


^  "TRUARC  HELPED  MAKE  THIS  LOCK  POSSIBLE  * 
says  Sargent  &  Company,  New  Haven,  Conn., 
leading  lock  manufacturers  for  74  years. 

IN  DESIGN:  "Waldes  Truarc  Retaining  Rings 
permit  closer  tolerances;  result  in  more  compact 
design;  provide  full  circumferential  bearing  at 
vital  points;  help  to  make  possible  a  30%  xeduc* 
tion  in  moving  parts.” 

IN  PRODUCTION:  "Truarc  reduces  machining  op¬ 
erations,  cuts  assembly  time,  helps  eliminate  the 
grub  screw  hitherto  universally  deemed  essential.’ 

IN  SERVICE:  "Truarc  maintains  accurate,  unvary¬ 
ing  relationship  of  parts,  simplifies  disassembly 
and  reassembly,  reduces  possibility  of  damage 
in  making  repairs.” 

IN  COSTS:  "The  many  advantages  provided  by 
Truarc  have  contributed  to  the  great  economies 
that  enable  us  .to  produce  this  hner-lock  at  a 
new  low  cost  for  a  quality  product.” 

Whatever  your  product,  whether  old  and 
basic,  or  a  comparative  newcomer,  there’s  a 
Waldes  Truarc  Retaining  Ring  that  will  make 
it  simpler,  more  economical  to  make  and  repair. 
For  Truarc,  with  its  never-failing  grip  and  pat¬ 
ented  design  assuring  constant  circularity,  gives 
you  a  new  approach,  a  superior  solution  to 
fastening  problems.  Send  us  your  drawings; 
Truarc  engineers  will  be  glad  to  show  how 
Truarc  can  help  you. 


Send  f$r  ^$oklet  ttntmimimg 
tmteresting  tngimttring  dmtm. 


Wald«t  Kohinoor,  Inc., 

47-10  Austel  Place 
Long  Island  City  1,  N.  Y. 

Please  send  Booklet  on  Truarc  Retaining  Rings  to 
Name  &  TitU _ 


Addresi 


WALOn  ROMNOOt*  INC.*  LONG  ISIANO  CITT  1*N.T..  - 
VISIT  TRUARC  BOOTH  AT  NATIONAL  METAL  CONGRESS 
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tion  point.  The  natural  frequency 
of  the  resonator  is  varied  by  a  small 
special  capacitor,  the  moving  ele. 
ment  of  which  is  carried  by  a  tuned 
reed  vibrating  at  the  line  fre. 
quency.  A  pointer  is  attached  to 
the  reed  and  moves  over  a  short 
scale.  Its  movement  is  magnified 
by  lenses. 

Vanes  as  Capacitor  Plates 

The  shape  of  the  special  capacitor 
vanes  is  very  important  and  is  de- 


c  0 


Fi9.  2 — Dilierent  Tone  shapes  detennine 
whether  the  scale  of  the  special  indicator 
capacitor  is  linear  in  frequency  and  copod* 

tonce  or  exponential 

termined  by  the  main  use  to  which 
the  comparator  will  be  put.  Figure 
2  gives  some  typical  shapes.  Shape 
A  gives  a  linear  capacitance  scale, 
shape  B  gives  a  nearly  linear  scale 
of  frequency  if  capacitance  values 
are  correctly  chosen,  shape  C  gives 
an  approximately  exponential  scale 
and  if  used  with  negligible  shunt 
capacitance  will  give  a  linear  fre¬ 
quency  scale,  shape  D  gives  an  in¬ 
ductance  or  capacitance  scale  which 
is  open  in  the  middle  and  closed 
at  the  ends  so  that  large  tolerances 
can  be  indicated. 

The  oscillator  is  coupled  to  the 
resonator  .so  that  an  alternating 
potential  appears  across  the  latter, 
its  amplitude  varying  as  the  reso¬ 
nator  is  tuned  relatively  to  the 
oscillator  by  the  indicator  capacitor. 

WTien  the  resonator  frequency  is 
the  same  as  the  oscillator  fre¬ 
quency,  the  relative  phase  angle  of 
the  alternating  potentials  in  the 
two  circuits  changes  suddenly  and, 
as  both  circuits  are  connected  to 
the  mixer  tube,  its  anode  current 
is  partially  dependent  on  the  two 
phase  angles  and  changes  sharply 
when  the  two  frequencies  are  equal. 
This  change  is  differentiated  to 
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“National”  graphite  has  no  melting 
point!  It  cannot  melt  or  soften.  This, 
plus  the  fact  that  graphite  has  a  low 
coefficient  of  expansion  and  a  high  heat 
transfer  rate,  is  the  reason  graphite 
will  not  warp  or  distort,  regardless  of 
operating  temperature. 


Because  “National”  graphite  has  a 
higher  thermal  conductivity  than  other 
anode  materials,  it  provides  greater 
protection  from  excess  surface  tempera¬ 
ture  —  a  cause  of  secondary  or  back 
electron  emission.  It  also  lessens  the 
danger  from  local  hot  spots  so  often 
found  in  other  anodes — the  result  of 
thin  spots  or  concentrations  of  the  elec¬ 
tron  stream. 


“National”  graphite  is  almost  an  ideal 
black  body,  making  it  a  nearly  per¬ 
fect  heat  radiator.  Thus,  anodes  of 
“National”  graphite  operate  at  lower 
temperatures  for  a  given  amount  of 
energy  dissipated.  All  tube  parts  there¬ 
fore  operate  at  lower  temperatures,  re¬ 
sulting  in  less  distortion  of  other  parts 
and  more  uniform  tube  characteristics. 


In  addition. . .  “National”  graphite  has  excep*  low  electron  emission . . .  and  can  be  machined  into 
tional  purity ...  great  strength...  fine  grain  struc-  intricate  shapes  to  very  close  tolerances. 

ture . . .  high  resistance  to  erosion ...  is  a  good  Yes anodes  of  graphite  have  everything  you 

conductor,  especially  at  high  frequencies. . .is  free  need  to  turn  out  finer  tubes.  For  more  facts,  write 

from  dust  and  loosely  held  particles . . .  provides  National  Carbon  Company,  Inc.,  Dept.  E. 


NATIONAL  CARBON  COMPANY,  INC 


30  E.  42nd  St.,  New  York  17,  N,  Y. 
DivisioH  Sales '  Offices:  Atlanta,  Chicago,  Dallas, 
Kansas  City,  New  York,  Pinsburgh,  San  Francisco 


Unit  of  Union  Carbide  and  Carbon  Corporation 
The  word  "National”  is  a  registered  trade-mark 
of  National  Carbon  Company,  Inc. 
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produce  a  positive  and  negative 
pulse,  one  of  which  is  clipped 
shortened  and  then  used  to  fire  the 
thyratron,  which  in  turn  passes 
current  to  produce  a  flash  in  the 
neon  lamp  of  about  50  micro¬ 
seconds. 

It  might  appear  that  by  utilizing 
both  pulses  on  the  forward  and 
return  traces,  a  brighter  indication 
could  be  obtained  with  a  given 
scheme  of  illumination.  In  practice, 
however,  this  has  not  been  found 
to  be  successful,  since  small  phase 
shifts  occurring  in  the  various  cir¬ 
cuits  are  liable  to  cause  double 
images  to  be  produced. 

A  tuning  eye  indicator  is  used  to 
check  that  the  oscillator  is  working 
to  set  the  magnification  of  the 
resonator.  To  do  this  the  magnifi¬ 
cation  control  is  turned  until  the 
indicator  tube  shows  that  the  reso¬ 
nator  is  actually  oscillating,  then 
the  control  is  reversed  until  oscilla¬ 
tion  stops. 

Under  production  conditions  the 
instrument  permits  a  comparative 
check  of  inductance  against  any 
standard  from  100  /ih  to  100  mh, 
with  an  accuracy  better  than  one 
percent.  Resonant  circuits  can  be 
checked  and  preset  for  frequency: 
coils  with  short-circuited  turns  and 
broken  strands  in  Litz  wound  coils 
are  clearly  indicated,  thereby  giv¬ 
ing  a  ready  production  check  for 
minimum  Q.  In  addition,  a  com¬ 
parative  check  of  capacitance  can 
be  made  up  to  0.001  /if.  The  ca¬ 
pacitance  difference,  plus  or  minus, 
can  be  read  directly  in  /i/if  to  an 
accuracy  of  0.1  /i/if  or  0.1  percent, 
w^hichever  is  the  greater.  The  in¬ 
strument  is  made  in  England. 


AU  MOOEIS  HAVb  in.. 

SIfAPUFlED 

logarithn^ic 

SCALE 


standard 
AAodel  300 


Ideal  for  the  Accurate  measure¬ 
ment  of  AC  voltages  in  the  Audio, 
Supersonic,  Carrier  Current  and 
Television  ranges. 

Use  of  Logarithmic  voltage  scale  as¬ 
sures  uniform  accuracy  of  reading 
over  whole  scale  while  permitting 
range  switching  in  decade  steps. 

Each  Voltmeter  equipped  with  an 
output  jack  so  that  the  instru¬ 
ments  can  be  used  as  a  high-  ^ 
gain  stable  amplifier. 


SPECIFICATIONS 

MODaSOO 

RANGE— .001  to  100  volts. 
FREQUENCY— 10  to  1 50,000  cydos. 
ACCURACY— 2%  at  any  point  on  Molo. 
AC  OPERATION— 110-1 20  volts. 


Model  304 
R-F 

VOLTMETER 


RANGE— .001  to  100  voHs. 
FREQUENCY— 30  c.p.s.  to  5.5  mei 
ACCURACY— 0.5  bB. 

AC  OPERATION— 110-120  volts. 


MODa302 


Modulated  Arc  Lamp 

A  CAESIUM  VAPOR  lamp  for  modu¬ 
lated  infrared-ray  communication 
was  ready  for  use  at  the  end  of  the 
war  for  convoy  duty  and  troop 
landing  operations.  For  peacetime 
use,  it  may  prove  useful  for  confi¬ 
dential  ship-to-shore  conversations, 
plane-to-ground  or  plane-to-plane 
communications,  or  in  disaster 
areas  where  telephone  wires  are 
down  and  static  makes  radio  com¬ 
munication  impracticaL 

As  accepted  by  the  Navy,  the 


RANGE— 4)01  to  100  voRs 
FREQUENCY— 5  to  1504)00  cydos. 
ACCURACY— 2%  at  any  point  on  scdo. 
DC  OPERATION— solf-containod  battorlot. 


Modol  302 
BATTERY 
OPERATED 
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Model  315  Signal  Gonorator. 


Designed  down  to  the  most 


minute  detail  for  highest  ac 


curacy,  greatest  stability,  min*  \ 
imum  leakage,  and  good  wave 

form  . $67.35  ^ 

Model  305  Tube  Tetter.  Tests  V 
all  tubes.  Provides  for  filament 
voltages  from  .5  volts  to  and  in* 
eluding  120  volts.  Spare  sockets  for 
future  tube  developments. ...$46.25 
Model  260  High  Sensitivity  Set 
Tester.  20,000  ohms  per  volt.  D.C. 
Voltage  ranges  to  5,000  volts  A.C 
and  D.C.  Resistance  ranges  to  20 
megohms.  Current  ranges  to  500  mil* 
liamperes . S35*TS 


»  •  •  |r/Ve5  servUemen  a  real 
profit-making  set-ap 

•  The  successful  radio  serviceman  today  must  have  the  finest  in  test  instru¬ 
ments  for  a  very  practical  reason — that’s  his  only  hope  of  present  and  con¬ 
tinued  profits.  To  meet  the  tremendous  volume  of  business  available  he 
must  be  able  to  "trouble-shoot”  fast  and  accurately  every  time.  Only  thus 
I  can  he  correct  trouble  speedily,  with  satisfaction  to  the  customers. 

A  Simpson  offers  you,  in  three  basic  test  instruments,  the  accuracy  and  ad- 

M  vanced  electronic  engineering  which  have  given  Simpson  the  proudest 
A  name  in  the  industry.  They  are  tried-and-tested  examples  of  the  kind 
of  instruments  Simpson  has  always  built.  Their  use  will  demonstrate 
that  from  Simpson  alone  can  you  expea  "instruments  that  stay  accu- 
rate”  with  construaion  and  design  that  lead  the  field. 

To  dealer  and  to  serviceman  alike,  Simpson  offers  today  the  assur- 
ance  of  continued  profits  that  only  quality  can  give.  No  Simpson  in* 
strument  is  ever  marketed,  or  ever  will  be,  unless  its  makers  feel  that, 
of  its  kind,  nothing  finer  can  be  produced. 
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SUSSIDIAtY  Of  AUfGHfNr  lUDlUV  STfll  CC»PO»Af/ON 


Spociofitrt  in  fho  manufattura  of  ALNICO  UK MANtNT  MAGNITS 


(continued) 


TUIES  AT  WORK 


lamp  produces  its  radiation  from 
an  arc  stream  three  inches  long  and 
more  than  an  inch  in  diameter.  The 
inner  bulb  contains  the  arc  in  an 


Normom  C.  BeeM,  reseorcli  engineer  at 
Westinghonse  Lamp  Dit^sion.  dmnonatrates 
the  caecum  Topor  lamp  he  deigned  tor 
talldng  OTer  on  inTisible  Infrared  Ught 
boom 


atmosphere  of  argon  and  caesium 
vapor.  Space  between  this  bulb  and 
an  outer  bulb  is  evacuated.  The  life 
of  the  lamp  is  about  100  hours. 

Direct  current  is  used  to  main¬ 
tain  the  arc  in  the  Westinghouse 
lamp.  Modulation  of  100  percent 
is  possible  at  some  points  in  the 
audio  range  from  200  to  3,000 
cycles.  The  lamp  is  mounted  in  a 
parabolic  reflector  on  a  ship^s  mast 
and  a  similar  parabolic  unit  con¬ 
tains  the  photoelectric  cell  used  in 
the  receiver.  The  beam  spread  is 
about  25  degrees. 


We  are  nof  satisfied  merely  to  offer  you  magnets  which  come 
up  to  the  proposed  R.M.A.  standards  ...  this  is  our  minimum 
requirement.  A  quality  floor  below  which  we  refuse  to  go. 

Nor  are  we  satisfied  that  ordinary  production  and  inspection 
methods  offer  you  adequate  quality  protection  ...  we  individually 
test  each  Arnold  magnet  in  a  loud  speaker  structure  before  shipment. 

Another  **individual  touch”  which  has  contributed  to  winning 
industry>wide  customer  acceptance  for  Arnold  magnets  is  our  estab> 
lished  minimum  standard  of  4,5(X),000  BHmax  for  Alnico  V  material. 

Over  five  million  Arnold  loud  speaker  magnets  of  the  R.M.A.  type 
have  been  produced  since  V-J  Day  under  these  quality  safeguards. 
Continued  adherence  to  them  assures  you  of  long-lived,  dependable 
product  performance. 

In  the  mass-production  of  magnets,  the  Arnold  **inditidual 
touch"  does  make  a  difference.  Let  us  give  you  the  whole  story. 


Cooperative  Two-Station 
Antenna  System 

By  Lindsay  McManus 

JnetalJation  Enffinrrr 
Canadian  Marconi  Company 
Montreal,  Canada 

A  Broadcast  Station  that  is 
probably  unique  has  just  been  com¬ 
pleted  by  Canadian  Marconi  Com¬ 
pany  at  Sherbrooke,  Quebec.  It  is, 
in  fact,  a  combination  of  two  sta¬ 
tions — CHLT  and  CKTS. 

CHLT  has  been  operated  by  the 
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WITH  THE  FEDERAL  SELENIUM  RECTIFIER 


(No.  403D262S) 


FIRST  OF  ITS  KIND  IN  THE  INDUSTRY! 


No  less  than  twenty  •nine  different  types  of  rectifier  tubes 
are  now  replaceable  with  Federal’s  new,  miniature, 
S-plate  rectifier.  Available  now,  this  replacement  is  also  an 
improvement f  For  not  only  does  it  subtract  from  your  own 
manufacturing  costs,  it  adds  to  product  quality  as  well  ,  , 
and  to  consumer  satisfaction.  Here’s  how: 


•  Sav«s  spacer  only  1 x  1  x  "/i*  inches  — fits  where 

tube  won’t 

•  Costs  less  than  tube  and  socket  it  eliminates 
e  Long  life  —  built  to  last  the  life  of  the  set 

•  No  warm>up  period  starts  instantly,  runs  cooler 

e  Installed  in  less  time  than  tube  — only  two  soldering  jobs 
e  Sturdy,  all-metal  construction  —  not  easily  damaged 
e  Withstands  overloads  —  even  when  charging  deformed 
electrolytic  condensers 


Every  one  of  Federal’s  line  of  “Center  Contact’’  Selenium 
rectifiers  is  designed  to  give  the  full  measure  of  performance 
that  have  made  them  the  standard  of  the  industry.  A  Federal 
engineer  will  show  you  how  to  put  this  latest  model  into  your 
circuits.  Write  for  details  to  Department  F  413. 
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4.2  VOLTS  OUTPUT*!! 

DIRECT  CONNECTION  TO  PENTODE  OUTPUT  TUBESI 
•  •  •  and  only  1!4  oz.  needle  force 


WITH  THE  NEW  SHURE 

W56A 

Lever-Type  Crystol  Pickiip  Cartridge 

List  Price  ^45 
AND 


THE  NEW  SHURE 

96A 

Crystal  Phonogroph  Pickup 

list  Price  $6.10 

MADE  POSSIBLE  THROUGH  THE  SHURE 
LEVER  SYSTEM  •  HERE’S  HOW  IT  WORKS: 

Tbe  cr^tal  »  driven  by  a  lever  which  improves  the  transmission  of  needle  chock 
toraue  mto  the  crystaL  This  results  in  higher  outimt  and  greater  needle  compliance. 
High  needle  compliance  gives  a  “freedom  of  action**  flexibility  to  the  needle  that 
means  faithful  tracking,  and  clearer,  fuller  tone  qualities. 

The  lever  arrangement  absorbs  the  full  impact  of  sudden  jars  to  the  cartridge  or 
needle;  this  in  turn  gives  rriative  shock  immunity  to  the  cryirtaL — minimizing  strain 
or  breakage. 

_WHAT  THE  96A  DOES  FOR  YOU :  It  makes  possible  the  saving  of  one  stage 

'  a  long-life  precious-tip  needle  with  a  hi^- 
arm  means  tnat  the  records  aiKi  needles  will 
less  susceptible  to  floor  vibrations,  improves 
the  playing  of^ warped  records,  and  is  especially  suitable  for  VinyUte  records. 

KX>0  cycle  Audfetoee  record  levof  osmq  Po/l-Toee  eeedle.  About  3.5  voUs  wieg 
0  fleidble  eeedlee.  Vokago  output  ou  poebt  rooehos  40  yolHl 

WRITE  FOR  NEW  CATALOGS  155  and  156 

PatoU$d  6y  Skmru  Bruthun  mod  lioanMd  undur  tht  uf  tk»  Brtuh  C»mp<mu 

SHURE  BROTHERS,  me. 

Mierophompt  and  Acovtflc  Devices 

225  Wost  Huron  Street,  Chicogo  10,  Illinois 
Coble  Addresss  SHUREMICRO 


IN 


TUBES  AT  WORK  (ceetineed) 

French-language  daily  newspaper, 
La  Tribune,  on  1,240  kc.  An  asso¬ 
ciated  English-language  weekly 
paper,  the  Sherbrooke  Telegraph 
has  now  taken  over  this  station  and 
^e  call  letters  have  been  changed 
to  CKTS.  The  La  Tribune,  still  re¬ 
taining  its  call  letters — CHLT — 
has  expanded  to  1,000  watts  and 
moved  along  the  dial  to  900  kc. 

The  original  CHLT  studio  has 
been  dispensed  with  and  modern 
combined  studios  have  been  con¬ 
structed  for  the  two  stations.  Each 
station  has  its  own  control  room 
facing  the  main  studio  with  a  mas¬ 
ter  control  room  in  between.  Local 
programs  and  remote  pickups  are 
fed  through  the  master  control 
room  and  thence  to  either  or  both 
transmitters  \ia  the  separate  con¬ 
trol  rooms. 

WTien  CHLT  was  assigned  its 
new  frequency,  it  was  with  the  pro¬ 
vision  that  two  other  stations  on 
the  same  frequency  be  protected  at 
night.  Da>"time  operation  could  be 
at  1,000  watts,  omnidirectional,  but 
it  was  necessary  to  change  to  direc¬ 
tional  operation  at  sunset. 

Common  Antenna  System 

It  was  desirable  to  use  the  exist¬ 
ing  transmitter  building  for  the 
two  transmitters,  having  them  and 
their  associated  audio  and  monitor¬ 
ing  equipment  in  the  same  room, 
and  to  use  the  same  antenna  sys¬ 
tem  for  both  stations.  These  plans 
presented  problems  in  meeting  all 
requirements  and  regulations  and 
particularly  to  avoid  any  inter¬ 
action  or  cross  modulation  through¬ 
out  the  entire  audio  and  radio 
frequency  circuits.  Adequate 
shielding  of  audio  components  and 
lines  would  take  care  of  this  sec¬ 
tion,  but  r-f  interaction  between 
the  two  transmitters  in  the  same 
room  and  using  a  common  antenna 
could  not  be  so  easily  avoided. 

A  new  ground  system  for  a  two- 
tower  array  was  put  in  and  a  new 
196-foot  guyed  tower  was  erected. 
The  existing  tower  of  the  same 
height  was  moved  to  a  new  location 
to  form  the  directional  array.  The 
towers  were  spaced  120  degrees 
apart  at  900  kc.  and  it  was  decided 
that  the  desired  directional  pattern 
could  be  obtained  by  a  phase  differ¬ 
ence  of  plus  141  degrees  with  a 
1.3  to  1  current  ratio  in  the  towers. 
During  the  entire  process  of  in- 
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Cfy«(«l  JPl-453 


Rof«tiii9  Joinl  DB*444  90*  Etb«w  (H  PI01M)  Di«43)  PrtMiirizing  Unit  M^2  Mitered  Elbow  (H  Pknie}  l>B<439 


l^-directionot  trend  lemd  Coupler  OB^l 


90*  Twist  iMMtS 


reflector 


- - FEED  HORN 

ROTATING  JOINT 


rUT  90*  ELBOW 


90*  TWISr 


yiTER^raow 


SECTION 


oee  90"  ELBOW'  90*  twiST 


Typical  wave  guide  assembly  illus¬ 
trating  use  of  Mornay  -  Budd  com¬ 
ponents  available  from  standaref  stocks. 


most  stringent  mechcinlccii  Specifications.  Rigid 
inspection  and  quality  control  insure  optimum 
performance 

NOTE:  Write  for  complete  catalog  of 
De  Mornay* Budd  Standard  Components 
ond  Standard  Bench  Test  Equipment.  Be 
sure  to  have  a  copy  in  your  reference  files. 
Write  for  it  todoy. 


When  you  use  any  De  Mornay* Budd  wave  guide 
ossembiy,  you  know  exactly  how  each  compo¬ 
nent  will  function  electrically.  You  avoid  possible 
losses  in  operating  efficiency  through  impedance 
mismatches,  or  breakdown  and  arcing  caused  by 
o  high  standing  wave  ratio.  (See  chart  below.) 

De  Mornay 'Budd  wave  guides  are  manufac¬ 
tured  from  special  precision  tubing,  and  to  the 


Hip  evru*  allows  tlio  Nrannor 
Ip  wfiidi  tlio  roliocipd  powor 
Ipcfoosos  wMi  OP  ipcTooao  ip 
flip  voHogp  slopdips  woto 
foHo.  Thp  cprvp  Is  cokolelpd 
frppi  flip  foltewipg  pqooUopt 


KP 

M 
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(continued) 


I 

■ 


Hew 

1 1 1  M  1 1 


IT  COSTS  LESS 
IT’S  SMALLER 
IT’S  LABOR-SAVING 


MINIATURE 

SHiHiOM  leecmm 


STUD,  two  quick  soldered  connections  and  it’s  in!  Usually 
costs  less  than  the  tube  and  socket  it  replaces.  Compact— less  than 
1  cubic  inch!  Instant  starting,  cooler  operation  and  longer  life. 

Radio  Receptor,  famous  for  Seletron  built-on-aluminum  selenium 
rectifiers  now  offers  this  MINIATURE  unit  to  replace  rectifier  tubes 
in  radio  sets,  amplifiers  and  other  electronic  devices. 

Oicks  with  radio  users  because  it  has  no  fragile  parts  . . .  elimi¬ 
nates  rectifier  tube  replacements . . .  helps  batteries  last  longer. 

Submit  your  problems.  Write  for  details. 


*R*t.  Trod*  Mork 


Ra4i«  Rotaatar  C*..  Inc,  Oft.  S*A  " 

251  Wast  Iftli  St.,  Haw  Yarii  11.  AY.  I 


SELETRON  DIVISION 


Rr^ifWK.  fo«.  -  ..w  S.I-™.  radio  receptor  CO.,Ine. 


Mnma 

Company. 
Addratc- 
Clry - 


SInca  Ifll  in  India  and  Uactrania 
SSI  W.  Iftk  St.  •  Now  York  11.  AY. 
Ixport  Bapraiantnlhroii 
Rocka  IntamoHonnl.  Now  York 


stalling  the  new  ground  system, 
new  antenna  and  shifting  of  the 
existing  antenna,  the  transmitter 
on  1,240  kc  continued  daily  opera¬ 
tion  without  interruption. 

Precise  measurements  were  made 
of  the  self  and  mutual  impedance? 
of  the  new  array  and  from  these 
measurements  the  operating  im¬ 
pedances  were  calculated.  Im¬ 
pedances  of  the  various  units  and 
tower  lighting  transformers  were 
measured  and  included  in  the  calcu¬ 
lations  and  the  network  component 
values  were  set  up.  Three  condi¬ 
tions  had  to  be  satisfied  simul¬ 
taneously  for  the  directional  pat¬ 
tern;  proper  matching  to  coaxial 
lines,  correct  current  ratio  between 
the  towers  and  the  desired  elec- 


Fiq.  1 — Two  transmitters  on  different 
frequencies  feed  one  antenna  system 


trical  separalion  between  the 
currents.  Any  one  improper  con¬ 
dition  would  throw  the  others  out. 

For  instance,  the  self  impedance 
of  tower  2  changed  radically  when 
the  phase  difference  between  tow¬ 
ers  changed  and  if  the  phase  differ¬ 
ence  were  not  correct  the  current 
ratio  could  not  be  obtained  and  the 
coaxial  lines  would  also  be  mis¬ 
matched.  Only  by  precise  measure¬ 
ments  and  careful  setting  up  of  the 
tuning  unit  components  by  r-f 
bridge  method  could  the  system  be 
properly  adjusted.  The  final  ar¬ 
rangement  of  the  various  units  is 
showm  in  Fig.  1. 

Circuit  Arrangement 

Toiver  1  is  used  during  the  day¬ 
time  for  both  transmitters.  CKTS, 
the  1,240-kc,  250-watt  station  is  fed 
to  this  tower  through  a  coaxial  gas- 
filled  line,  a  1,240-ke  antenna  tun¬ 
ing  unit  (ATUl  in  diagram)  and. 
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eirculotinfl 


VITAWW  O 

lAintrol  OU 


4»h 

HOURS  1 
498 


Ute  ol  f  oH«»« 
2n<i 

FAIIURES  4 


Ho.  Unit* 
To»<«a 


UFE  T8ST  NO- 

to»uU* 

.llURW  AOW  ”® 


»Aok«» 
SPRAOOE 
Mfr.  ' 
HAfr.i 
Mfr.  3 


Cjreatly  increased  production  facilities  now 
permit  the  application  of  Sprague’s  famous 
^  Vitamin  Q  impregnant  to  ballast  capacitors 

f  -  for  fluorescent  lamps— with  truly  outstanding 

i  results.  The  tables  below  tell  the  story — on  severe 
i<  V  S  I  tests  that  leave  nothing  open  to  question 

as  to  the  remarkable  superiority  of' these 
Sprague  units.  NO  Sprague  Vitamin  Q 

Capacitors  Jailed  during  the  life  of  the  tests, 
ALL  of  the  competing  units  did ! 

SPRAGUE  ELECTRIC  COMPANY,  North  Adams,  Mas$« 


‘^'^SPRRGUE 

VITAMIN 


POWER  FACTOR 

ISO  V.  A.C.  IS’C. 

(as  maoswrad  on  a  Schoring  bridgo) 

Sprogu*  . . ...0.27^ 

Mfr.  1 . 0.629 

Mfr.  2 . 0.459 


Units  Ntlod  in  both  cosot  wor« 
stondord  3(6  mfd.  330v.  A.C. 
Pluorotcont  Capocilors  in  2"  d. 
S  2'/4“  N.  cons. 
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TUBES  AT  WORK  (continutd) 

a  rejector  unit.  The  rejector  unit  is 
resonated  at  900  kc  to  prevent  feed¬ 
back  into  the  1,240-kc  line  from 
the  900-kc  circuit.  CHLT,  the  900- 
kc,  1,000-watt  station,  is  fed  to  the 
same  tower  by  a  coaxial  gas-filled 
line,  a  900-kc  antenna  tuning  unit 
(ATU2),  and  a  rejector  unit  which 
is  resonated  at  1,240  kc  to  prevent 
this  frequency  from  feeding  back 
into  the  900-kc  circuit.  Tower  2 
also  has  a  1,240-kc  rejector  unit 
and  the  tower  is  detuned  during 
the  daytime  to  prevent  radiation. 

At  sunset,  a  changeover  is  made 
at  the  control  unit  on  the  desk  at 
the  transmitter  building  and  tower 
2  is  brought  into  the  900-kc  circuit. 
This  is  accomplished  by  two  relays 
at  Tower  1  which  change  taps  on 
ATU2,  disconnect  the  detuning  cir¬ 
cuit  of  tower  2,  and  also  put  this 
tower  in  the  circuit  through  a  phas¬ 
ing  unit.  The  phasing  unit  matches 
this  junction  to  the  coaxial  line 
running  to  tower  2,  where  antenna 
tuning  unit  ATU3  matches  the  line 
to  the  tower  through  the  1,240-kc 
rejector  unit. 

Power  Division 

In  the  900-kc  circuit  at  tower  1, 
phase  changes  through  the  antenna 
tuning  and  phasing  units  cancel 
each  other.  The  120-degree  coaxial 
line  between  towers  causes  a  phase 
shift  of  —130  degrees  and  ATU3  is 
tuned  to  shift  the  phase  another 
—89  degrees.  This  provides  the 
total  of  —219  or  -fl41  degrees 
phase  difference  required. 

The  setting  of  the  1.3  to  1  cur¬ 
rent  ratio  between  the  towers  is 
accomplished  at  the  junction  of 
ATU2  and  the  phasing  unit  at 
tower  1.  From  the  calculated  direc¬ 
tional  operating  resistances  of  the 
towers,  the  power  required  in  each 
tow’er  for  correct  current  was 
found.  The  necessary  power  divi¬ 
sion  to  produce  these  currents  is 
made  at  the  junction  by  matching 
ATU2  to  tower  1  and  the  phasing 
unit  to  the  inter-tower  coaxial  line 
so  that  their  parallel  input  im¬ 
pedances  correctly  divide  the  power 
and  also  match  the  surge  impedance 
of  the  coaxial  line  to  the  trans¬ 
mitter. 

Operation 

In  changing  from  one-tower 
omnidirectional  operation  to  two- 
tower  directional,  the  shift  is  made 


Type  AN  3102  Receptacle  Shells,  sixes  8S  to  48 


Developed  prior  to  World  War  II  for  standardiza¬ 
tion  purposes,  the  AN  (Army-Navy  Specifications) 
(Connector  typte  series  remains  as  one  of  the  most 
versatile  and  widely  known  lines  of  electric  multi¬ 
contact  fittings.  The  large  range  of  shell  sizes, 
insert  arrangements,  interchangeable  parts  and 
accessor)'  fittings  make  the  dannon  Electric  **AN”  a 
desirable,  all-purpose  connector.  Cannon  Electric’s 
"Quality  Control”  from  diecasting  to  assembled  fit¬ 
ting  produces  a  dependable  product  used  extensively 
not  only  in  aircraft  but  also  in  radio,  radar,  instru¬ 
ments  and  countless  general  electrical  applications. 

Thousands  of  aircraft  and  radio  technicians 
worked  with  these  ''Cannon  Plugs'*  during  the  war; 
the  same  thousands  are  still  demanding  Cannon 
quality  in  peacetime  because  they  know  it  served 
them  well  when  the  perfect  operation  of  ever)'  elec¬ 
trical  part  of  the  war  machine  meant  the  protection 
of  lives  and  more 
efficient  prosecution 

of  the  offensives.  i 


AN3108  Plug 


AN3106  Plug 


AN3100  Recep. 


AN3101  Recep. 


The  6th  Revised  Edition  of  the  "AN" 
Bulletin  will  be  mailed  free  upon  request. 
Write  Dept.  K-120,  Cannon  Electric  Devel¬ 
opment  Co.,  3209  Humboldt  Street,  Los 
Angeles  31,  Calif.  Prices  on  specific  "AN" 
Connectors  must  be  obtained  from  Cannon 
representatives  located  in  principal  cities  or 
directly  from  factory.  For  those  living  out¬ 
side  the  U.  S.  A.  and  in  countries  other  than 
the  British  Empire,  write  Frazar  &  Hansen, 
301  Clay  Street.  San  Francisco  11,  Calif. 


DEVELOPMENT  COMPANY 
3209  Himboldt  St.,  Los  Angeles  31,  Cdif. 

IN  CANADA  (and  Britiah  Empire  export) 
CANNON  ELECTRIC  COMPANY.  Ltd.,  TORONTO 
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TYPICAL  CIRCUIT  DIAGRAM 
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SYLVAN  I  AJT^  ELECTRI  C 

Electronics  Division  .  .  •  500  Fifth  Avenue^  New  York  18,  N»  Y, 

MAKERS  OF  ELECTRONIC  DEVICES;  RADIO  TUBES;  CATHODE  RAY  TUBES;  FLUORESCENT  LAMPS.  FIXTURES,  WIRING  DEVICES;  ELECTRIC  LIGHT  BULBS 
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Rj  Contitt*  of  flvt  Cl  2  microfarads 
200,000  ohm  ro>  C;  32  microfarads 

sistors  C~  1  microfarad 

Vi  High  voltago  Ti  Ignition  coil 

Ri  500  ohms,  100  watts  roctHItr  Si  Trip  switch 

R>  150.000  ohms  Vi  Sylvania  R4330 


aA330 
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Keep  your  Business  ^ 

Humming 

with  Air  Express  ^ 


TUBES  AT  WORK 


at  sunset  in  approximately  one 
second  during  a  station  break  for 
identification.  The  tuning  units  at 
the  towers  are  so  adjusted  that  the 
coaxial  line  impedances  at  the 
transmitter  for  the  two  modes  of 
operation  are  identical  and  no 
transmitter  adjustment  or  retun¬ 
ing  is  necessary. 

As  a  visual  check  on  the  shape  of 
the  night  pattern,  two  field  indica¬ 
tors  have  been  installed.  These 
consist  of  small  receivers,  contain¬ 
ing  a  diode  rectifier  and  d-c  ampli. 
fier,  set  up  in  the  field  about  400 
feet  from  the  towers,  one  on  each 
side  of  a  low  signal  zone.  The  units 
are  mounted  on  posts  and  are 
powered  by  a  110-volt  a-c  line.  The 
output  of  each  unit  is  taken  by 
cable  to  d-c  microammeters  in  the 
control  unit  on  the  desk  at  the 
transmitter  building.  Changes  in 
the  reading  of  the  meters  outside 
of  a  predetermined  operating  toler¬ 
ance  indicate  to  the  operator  that 
the  pattern  shape  has  altered. 
Cables  also  carry  the  antenna  cur¬ 
rents  to  remote  meters  in  the  desk 
control  unit  and  provide  a  constant 
check  on  the  currents  in  the  towers 
for  both  transmitters. 

To  uncover  any  signs  of  inter¬ 
action  between  the  two  stations, 
various  tests  were  carried  out.  It 
was  found  that  any  switching  on 
or  off  of  one  transmitter  in  no  way 
affected  the  meter  readings  or  field 
intensity  of  the  other.  Either  car¬ 
rier,  fully  modulated,  did  not  af¬ 
fect  the  unmodulated  carrier  of  the 
other  transmitter  and  no  signs  of 
cross  modulation  could  be  detected 
with  both  stations  fully  modulated 
with  individual  or  similar  pro¬ 
grams. 


a  money-making  tool 
for  every  business 

When  critical  materials,  tools,  dies,  parts 
or  machinery  are  needed  fast  to  prevent 
costly  production  delays  in  your  business 
—  GET  IT  BY  AIR  EXPRESS  and  let  this 
fastest  delivery  service  pay  its  way  many 
times  over. 

Rates  are  drastically  down  from  pre¬ 
war  days  —  a  new  economy  that  makes 
this  service  a  greater  money-making  tool 
than  ever,  for  thousands  of  firms 
throughout  the  nation.  / 


Shipments  go  everywhere  at  the  speed  of  flight  between 
principal  U.  S.  towns  and  cities,  with  cost  including  special 
pick-up  and  delivery.  Same-day  delivery  between  many  air¬ 
port  towns  and  cities.  Fastest  air-rail  service  to  and  from 
23,000  olf-airline  comnuinities  in  the  United  States.  Serv¬ 
ice  direct  by  air  to  and  from  scores  of  foreign  countries  in 
the  world’s  best  planes,  giving  the  world’s  best  service. 


I5.W. 


MntNATIONAl  lATCS  ALSO  tCOUCfO 


Microwave  Wattmeter 

Power  output  of  transmitters  and 
oscillators  operating  at  frequen¬ 
cies  from  20  to  1,600  me  and 
50-ohm  coaxial  output  terminals  is 
measured  by  a  wattmeter  whose 
wide-band  impedance  constancy  is 
realized  by  employing  a  length  of 
attenuating  50-ohm  coaxial  cable 
terminated  in  a  resistor.  The  basic 
idea  is  that  the  resistor  determines 
the  impedance  at  the  lower  fre¬ 
quencies  and  the  line  determines  it 


^  Writ*  Today  for  the  Time  ami  Rate  Schedule 

on  Air  Ezpreas.  It  contains  illuminating  facts 
to  help  you  aoWe  many  a  shipping  problem. 
HHHa  Air  Express  Division,  Railway  Elzpresa  .\gency, 
230  Park  Avenue,  New  York  17.  Or  sak  for  it 
^  at  any  Airline  or  Railway  Elxpreaa  office. 

'/  PhoM  AIR  EXPRESS  DIVISION,  RAILWAY  EXPRESS  AGENCY 
Raproaanting  th*  AIRLINIS  of  th*  United  Stat*s 
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SPECIAL  DESIGN  DIVISION 

HAS  I T  ...  Of  will 
ENQIMm  AND  BUILD  IT! 

3-Pha$e  or  1  -phase,  induction  or  even  synchronous, 
seif-cooled  or  not;  our  engineering  department  has 
turned  out  a  wide  range  of  custom-built,  war  proven, 
high  frequency  motor  designs  which  are  now  avail¬ 
able  for  your  needs.  Many  speeds,  horsepowers  and 
voltages  as  well. 

Or  perhaps,  you  want  a  stator  and  rotor  to  be 
designed  into  your  own  equipment.  Whatever  your 
needs,  let  us  hear  from  you.  We  shall  be  happy  to 
advise  and  assist  you. 


EASTERN  AIR  DEVICES,  Inc. 

130  FIATBUSH  AVENUE 
BROOKLYN  17,  NEW  YORK,  N.  Y. 


Model  J33 

115  volts,  400  cycles,  8000 
R.P.M.  Synchronous,  3-phase. 


Model  J31A 

2*  115  volts,  400  cycles,  1/100  H.P., 

7200  R.P.M.  1 -phase. 


Model  J72 

115  volts,  400  cycles,  1/15  H.P., 
5500  R.P.M.  1 -phase. 


Model  M6B 

200  volts,  400  cycles,  O-phose, 
High  torque  octuoto/  motor. 
Total  weight  12  oz. 


Model  J37 

115  volts,  400  cycles.  Motor-gen¬ 
erator  set.  2-phase  servo-motor 
drives  induction  generator.  400 
cyde  output  voltage  varies  with 
frequency.  Used  for  anticipatory 
control  of  electronic  servo  system. 
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TUBES  AT  WORK  (continued) 

at  the  higher  frequencies,  with  a 
smooth  transition.  Distribution  of 
power  loss  changes  in  the  same 
manner  in  the  instrument  made  bv 
Bird  Electronic  Corporation  of 
Cleveland. 

In  all  attenuating  coaxial  cable.s 
so  far  made,  the  attenuation  in 
creases  with  frequency.  A  length 
of  such  attenuating  line  furnishes  a 
constant  input  resistance  equal  to 
its  characteristic  impedance,  re 
gardless  of  termination  of  the  line 
for  frequencies  sufficiently  high  so 
that  the  reflections  produced  by  an 
imperfect  termination  can  be  neg¬ 
lected. 

Constant  Resistance 

In  general,  the  constant  resist¬ 
ance  termination  over  a  wide  fre 
quency  range  is  obtained  in  the 
Bird  wattmeter  by  using  the  Z.  of 
the  attenuating  lines  at  the  higher 
frequencies.  In  order  that  low  fre¬ 
quencies  may  be  handled  with  a  rea¬ 
sonable  cable  length,  the  line  is  ter¬ 
minated  in  a  specially  designed 
coaxial  resistor. 

As  the  attenuation  of  the  line  in¬ 
creases  with  frequency,  a  “transfer 
of  -power  loss”  occurs  gradually 
from  the  20-mc  condition,  in  which 
about  26  percent  of  input  power  is 
dissipated  in  the  terminating  re¬ 
sistor,  to  the  1,000-mc  condition,  in 
which  90  percent  of  the  input  power 
is  lost  in  the  initial  25  feet  of  line. 
The  frequency  200  me  may  be  stated 
roughly  as  the  upper  limit  of  ef¬ 
fects  from  the  terminating  resistor 
and  at  higher  frequencies  the  line 
alone  determines  input  resistance. 

The  wattmeter  uses  one  hundred 
feet  of  a  synthetic  rubber  dielectric, 
copper-conductor  type  of  line.  The 
average  characteristic  imnedance 
of  this  line  is  47  ohms  and  this  fixes 
the  load  resistance  presented  to  a 
thermocouple.  The  calibration  of 
the  individual  wattmeter  is  made  so 
as  to  include  the  effects  of  variation 
of  individual  lengths  of  line  from 
the  47  ohm  nominal  value. 

Measuring  Equipment 

The  coaxial  termination  is  blower 
cooled  and  rated  500  watts.  A  d-c 
millivolt-meter  is  used  as  the  power 
indicator. 

Plug-in  thermocouples  are  pro¬ 
vided  to  cover  desired  portions  of 
the  power  range  .from  1  to  500 
watts.  The  thermo  junctions  of  the 


Single  shaft  passes 
through  and  locks 
with  rotor  of  each 
unit. 


Each  unit  can  be 
wound  to  precise  cir¬ 
cuit  requirements,  as 
to  resistance,  taper, 
tap,  hop-off. 


Interlocking  resist¬ 
ance  ratios  provide 
any  desired  voltage 
or  current  at  given 
degree  of  rotation. 


^  For  three  or  more  controls  in  tandem,  Clenostat 
Type  42  is  the  logical  choice.  The  bakelite  cases  of 
these  rheostats  or  potentiometers  nest  and  lock  to¬ 
gether  for  a  virtually  solid  casing.  Metal  end  plates 
and  tie  rods  insure  a  rigid  assembly — even  up  to  20 
units  in  tandem.  This  unit  is  the  solution  to  your 
multiple  -  circuit  control.  Back  -  lash  is  completely 
eliminated,  /md  it  is  typical  of  that  Clarostat  "know¬ 
how"  which  provides  the  answers  to  all  your  resis¬ 
tor,  control  or  resistance-device  problems. 

^  Submit  your  problem! 


Note  dual  unit  with 
screw  -  driver  adjust¬ 
ment.  Such  assem¬ 
blies  are  serving  in 
the  most  intricate 
electronic  assemblies. 
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ACCENT  ON  PERFORMANCE 


REAUTV  WITH 


TURNER  COIORTOIVE  MICROPHONES 

New}  crystal  and  dynamic  microphones 
in^d  'ch  oice  of  richy  gem-like  colors 


Modern  as  tomorrow  ...  packed  with 
new  performance  features  that  give 
more  accurate  pick-up  and  higher 
fidelity  reproduction. of  voice  and 
music  .  .  .  Turner  Colortone  Micro¬ 
phones  bring  the  beauty  of  matching 
color  to  microphone  applications. 
Styled  of  rich,  long  lasting,  shock 
resisting  plastic  in  a  choice  of  color 
finishes,  they  are  especially  adapted  to 
orchestras,  night  spots,  home  recorders* 
and  television  studios.  Green,  orange, 
yellow  and  ivory  models  are  now  in 
production  for  limited  delivery.  Ask 
your  dealer  or  write  for  details. 


New  Station  Techniques 

As  A  RESULT  OF  conditions  forced 
upon  it  by  the  war,  the  British 
Broadcasting  Corporation  has  de¬ 
veloped  new  conceptions  of  studio 
organization  which  it  intends  to 
retain. 

Before  1939  the  broad  tendency 
was  to  use  a  number  of  simple  stu¬ 
dios  for  different  classes  of  pro¬ 
grams  or  scenes  in  a  dramatic  pro¬ 
duction  and  to  centralize  in  a  sin¬ 
gle  control  room  all  technical  equip¬ 
ment  Now,  however,  this  has  been 
superseded  by  general  purpose  stu¬ 
dios,  each  having  its  own  technical 


CompUt*  circuit  of  the  wattmeter  for  use 
from  20  to  1.S00  megacycles 


The  wattmeter  may  be  used  to 
measure  the  power  output  on  trans¬ 
mitters  designed  for  72-ohm  loads. 
It  is  preferable  to  use  60-ohm  cables 
and  connectors  between  wattmeter 
and  transmitter,  in  the  case  of  72- 
ohm  transmitters  also.  The  idea 
here  is  that  the  standing  wave 
ratios  existing  on  the  cables  are  de¬ 
termined  by  the  wattmeter  imped¬ 
ance  and  the  Z,  of  the  cables,  and 
are  independent  of  the  transmitter. 
With  50-ohm  cables,  the  impedance 
presented  to  the  transmitter  termi¬ 
nals  will  depend  very  little  on  cable 
length. 


TURNER  COLORTONE  CRYSTAL 

•  HialMtt  quality  M«fal«*al,  meistur*  preofad  crystaL  ' 

•  90°  HHing  hood.  Sami  or  non-diroctionol  oporotion. 

•  Wind  and  biast  proofod.  ^  ,  ..  . 

a  pTOcklon  diaphragm. 

•  B^motriccemimnt^.  ^  ^  romovabla  cobio  sot 

•  ChoKO  of  color  flnithos. 

o  Rosponto:  Within  ^  Sdbfrom  50  cycles  to  lOAXX)  cyclos. 
o  Laval:  -52db  balow  one  voh/dyna/sq.cm. 

Cryitals  Ikumd  undf  pafmntt  of  ttm  Brush  D^vuhpmunt  Componf 
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thermocouples  form  a  short  portion 
of  the  center  conductor  of  the  coax¬ 
ial  line,  are  heated  by  the  r-f  cur¬ 
rent  therein  and  generate,  in  series 
with  the  center  conductor,  a  d-c 
voltage  proportional  to  r-f  power 
level.  The  thermocouple  d-c  output 
is  proportional  to  current  squared 
and  hence  to  power,  but  convenience 
dictates  direct  calibration  in  terms 
of  power. 


TURNER  COLORTONE  DYNAMIC  /m 

•  Hofnfy  duty  dynamic  cartridga.  j 

•  Alnko  V  Magnat  for  incroased  sansitivity.  ^ 

•  Mu  matal  transformer  shield  eliminates 
possibility  of  extraneous  pick-up. 

•  90°  tilting  head.  Semi  or  non-directionol  RIM 

operation. 

•  Wind  and  blast  proofed. 

•  Choice  of  color  finishes.  RH 

•  Turner  precision  diaphragm. 
a  20  ft.  removable  cable 

e  Response:  Within  ^5db  from  50  cycles 
to  10,000  cycles. 

•  Level: -54db  below  one  voH/dyne/sq.cm. 
e  impedances:  50,  250,  500  or  high. 

licensed  under  U.  S.  Pofenls  of  fhe  Amoriean  Toluphono  and 
Tofograph  Company,  and  Wesfem  Etoetric  Company,  Incorporafod. 


BY  TURNER 


THE  TURNER  COMPANY 

905  I7lh  Sfrgrt  N.  E.  •  '  C«d«r  Rapids,  Iowa 


TURN  TO  TURNER  FOR  THE  FINEST  IN  ELECTRONIC  EQUIPMENT 
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(continued) 


equipment  consisting  of  a  control 
desk  and  an  apparatus  cabinet. 

Among  the  technical  points 
changed  is  the  abandoning  of  mix¬ 
ing  of  microphone  circuits  at  mi¬ 
crophone  level.  This  was  done  be¬ 
cause  the  high-quality  microphones 
in  universal  use  today  are  rela¬ 
tively  insensitive.  When  several 
are  mixed,  the  level  is  low  enough 
to  demand  series  faders  and  so  the 
signal  level  varies  according  to  the 
number  of  circuits  faded  up  at  one 
time.  Furthermore,  the  necessary 
equalizer  circuits  still  further  de¬ 
press  the  level  until  it  is  very  near 
the  Johnson  noise  background  and 
other  extraneous  noises.  The  mod¬ 
ern  practice  now  is  to  give  each 
microphone  its  own  amplifier  and 
then  to  mix  after  amplification. 

Group  faders  are  used  as  well  as 
individual  faders  and  this  facility 
allows  the  program  engineer  to  fade 
out  any  given  combination  of  mi¬ 
crophone  channels  in  one  movement, 
to  fade  up  a  single  microphone  for 
an  announcement,  and  then  to  re¬ 
vert  to  the  original  arrangement 
immediately. 


Echo  Room 


All  microphone  channels  are 
passed  through  splitting  transform¬ 
ers  so  that  some  of  the  program  can 
be  passed  into  an  “echo"  room  and 
then  reintroduced  into  the  “direct" 
half  of  the  outgoing  circuit.  Suit¬ 
able  attenuators  are  introduced  and 
thus  a  radio  play  may  use  several 
microphones  in  one  studio  (as  is 
now  common)  for  various  scenes, 
yet  individual  outputs  can  be  ad¬ 
justed  for  varying  degrees  of  echo. 

The  program  output  of  a  studio 
is  monitored  by  a  program  meter 
and  loudspeakers  and  phones. 

The  various  auxiliary  circuits  in¬ 
clude  remote  switching  of  spare 
amplifiers,  loudspeakers  in  studios 
for  playback  apparatus  for  intro¬ 
ducing  line-up  tone,  all  interlocked 
with  the  microphone  circuits  to  pre¬ 
vent  the  wrong  material  being  radi¬ 
ated  or  howling  set  up. 

The  control  desks  associated  with 
each  studio  are  made  for  use  by 
two  persons,  a  program  engineer 
and  a  producer.  The  controls, 
which  are  on  the  inclined  face  of 
the  desk,  are  divided  among  three 
panels.  These  panels'  are  arranged 
to  swing  forward  for  maintenance 


.  .  .  THAT  GUARANTEES 

FINEST  PERFORMANCE 


This  is  one  of  the  basic  Acme  Electric  transformer  designs  that 
has  the  mechanical  features  and  basic  physical  appearance  to 
provide  for  better  than  average  performance.  End  bells  protect 
coils  from  accidental  damage.  Leads  may  be  brought  out  through 
bottom,  front,  sides  or  top  to  meet  the  requirements  of  the  instal¬ 
lation.  Available  in  ratings  from  35  VA  to  500  VA.  Send  speci¬ 
fications  to  Acme  Electric  transformer  engineers  and  enjoy  the 
cooperation  that  has  enabled  manufacturers  of  electronic  and 
radio  products  to  improve  performance  through  better  trans¬ 
former  design.  Bulletin  168  gives  all  details. 


ACME  ELECTRIC  CORPORATION 
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The  Collins  32RA=-'  was  introduced 
several  years  ago  as  a  quality  designed, 
quality  built  radio  communication  trans¬ 
mitter,  broadly  adapted  to  most  applications 
within  its  pKDwer  and  frequency  scope. 

It  and  the  d-c  version,  the  32RBt,  were 
immediately  put  into  service  by  airlines  for 
control  towers,  by  oil  pipelines  for  emergency 
systems,  by  fishing  companies  for  fleet  con¬ 
trol,  and  by  other  widely  different  types  of 
industrial  users. 

The  32RA  was  found  to  be  rugged, 
simple  to  operate,  easy  to  service,  and  so 
thoroughly  and  universally  satisfactory  that 
a  rising  commercial  demand  was  halted  only 
by  the  war. 


Now  it  is  again  available  for  peacetime 
applications.  A  large  number  of  orders  have 
already  been  received  and  filled,  and  we  are 
able  to  ship  from  stock.  If  you  would  like 
specifications  and  design  data,  write  us  for 
an  illustrated  descriptive  bulletin. 

*COLLINS  32RA — Power  source:  115 
volts  alternating  current.  Power  output,  50 
watts  phone;  75  watts  CW.  Frequency  range, 
1.5  to  15  me.  Four  frequencies  instantly 
selected  by  panel  control. 

tCOLLINS  32RB — Power  source:  12, 
24,  32  or  110  volts  direct  current  Dyna- 
.  motor,  self-contained.  Otherwise  identical 
with  32  R A. 


IN  RADIO  COMMUNICATIONS,  IT’S  .  .  . 


COLLINS  RADIO  COMPANY,  Cedar  Rapids,  Iowa 

II  West  49nd  St-aet.  New  York  18,  N.  Y.  458  South  Spring  Street,  Los  Angeles  13,  California 
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1161  NORTH  VINE  ST 
HOLLYWOOD  38,  CALIF 


TUBES  AT  WORK  (continutd) 

and  are  quickly  demountable.  The 
division  of  the  controls  on  the 
panels  has  been  done  on  a  functional 
basis;  thus,  the  central  panel  car¬ 
ries  all  the  important  controls  and 
is  operated  by  the  program  engi- 


RECORD  THIS  SHOW-) 
IT'S  /A^P0/^7'A/\/r/  \ 


10  BETTER  CUT.TWO  DISCS 
-AND  BE  SAFE... 


A  program  onginoor  and  a  producer  ot  a 
now  BJ.C.  control  consol*.  Th*  panel  at 
the  right  is  for  use  by  the  producer,  the 
center  and  left-hand  panels  contain  more 
technical  controls 


neer,  while  the  right-hand  panel 
carries  such  controls  as  the  “talk- 
back”  key  and  others  which  the 
producer  might  want  to  use.  The 
left-hand  panel  carries  purely  tech¬ 
nical  controls  associated  with 
switching  on  the  equipment,  echo 
mixture,  and  keys  operating  relays 
controlling  spare  amplifiers.  The 
circuits  of  the  last  mentioned  have 
been  designed  with  extreme  care 
and  it  is  virtually  impossible  to 
detect  that  an  amplifier  has  been 
replaced. 

Frequency  Modulation 

In  this  regard,  the  British 
Broadcasting  Corporation  has  for 
some  time  been  interested  in  fre¬ 
quency  modulation  and  has  now 
summarized  the  results  of  extensive 
field  trials.  On  the  whole,  the 
engineering  executives  appear  to 
be  pleased  with  f-m  but  they  are 
by  no  means  accepting  it  as  perfect. 
There  are  so  many  dependent  fac¬ 
tors.  For  example,  the  actual  noise 
level  at  the  receiver  depends,  among 
other  things,  on  any  motor  vehicles 
passing  the  premises  being  fitted 
with  efficient  interference  suppres¬ 
sors.  Again,  the  f-m  system  offers 
an  increased  range  of  modulation 
but  this  advantage  is  cancelled  if 
the  receiver  does  not  have  sufficient 
a-f  power-handling  capacity  to 
utilize  the  benefit.  Similarly,  it  is 


Surefake  Sam  Says 


This  complete  recording  ampli¬ 
fier  channel  develops  full  power 
from  40  to  10,000  cycles  without 
the  usual  dirty  highs  or  inter¬ 
modulation  distortion.  No  other 
amplifier  system  can  produce 
such  performance.  Another  Altec 
Lansing  first  ...  it  is  ideal  for 
studio  recording.  Available  com¬ 
plete  or  in  separate  units. 

A-4M  ati-Amaunn 
a-409  tteuLATto  powta  sumr 
A-321  UMim  AMPLirUt 
NI-SOO-4  MlXin  aANKL 
A-2SS  POWn  AMPUPlEa 
A.127  MONITOt  AMPtlFIEt 

Complete  details  of  gain  fre^ 
quency  and  power  can  he  oh- 
tained  from  your  dealer  or 


Whether  you  ore  recording  for  broodcost, 
rebroadcast,  audition,  or  movie  playback,  it 
is  a  satisfaction  to  know  that  the  disc  you 
use  will  not  fail. 


SoundcrafTs  great  disc  names: 
e  'Broadcaster' 
e  'Playback' 
e  'Audition' 

ore  your  guarantee  of  highest  professiono! 
quality. 


WRITE  FOR  THE 
SOUNDCRAFT  STORY. 


UNSING  CORPORATION 
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Type  ATV  two-wire  polythene-insulated 
cable,  for  use  as  television  lead-in  line 
between  antenna  and  receiver,  made  by 
Anaconda  Wire  &  Cable  Co.  (Photo  2.5  times 
actual  size.)  This  rugged,  flexible  cable,  one 
of  the  lightest  of  its  type,  has  an  attenuation 
of  0.75  db  1(X)  feet,  and  an  impedance  of 
3(X)  ohms  at  50  megacycles. 


t,?wi  WW*"' 
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With  the  home  television  set,  much  of  the  attenuation  and  distortion 
of  images  that  sometimes  occurs  on  the  screen  may  arise  in  the  lead- 
iii  cable  from  the  antenna  to  the  instrument.  But  not  with  the  new 
Type  ATV  cable  shown  here.  With  this  cable,  attenuation  is  minimized 
.  .  .  images  are  strong  and  clear. 

The  unusual  design  of  this  new  lead-in  line  deserves  much  credit  for 
its  high  effectiveness.  But  note — what  makes  this  design  possible  is  the 
excellent  electrical  properties  of  the  insulation,  of  Du  Pont  polythene. 

Because  of  polythene’s  remarkable  dielectric  strength,  a  thin  coating 
of  it  is  all  that  is  needed.  Polythene’s  low  power  factor  makes  it  un¬ 
usually  effective  in  every  type  of  high-frequency  circuit.  Credit  also 
polythene’s  light  weight  (specific  gravity  0.92)  and  its  ability  to  retain 
its  toughness  and  flexibility  over  a  wide  range  of  temperatures. 

For  complete  data  sheet  on  polythene,  write  to  E.  I.  du  Pont  de 
Nemours  &  Co.  (Inc.),  Plastics  Dept.  1511,  Arlington,  N.  J. 

Dw  Pont  manufocturos  poiythono  molding  powdor. 

Commorciol  oxtrudors  convort  poiythono  into  tho  form  of 
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BETTIR  THINGS  FOR  BETTER  LIVING 
.  .  THROUGH  CHEMISTRY 


ANDREW 

DRY  AIR 
EQUIPMENT 


pressurizing 
coaxial  cable 
lines 


363  E.  75th  ST.,  CHICAGO  19,  ILLINOIS 

Pioneer  Specialists  in  the  Manufacture  of  a 
Complete  Line  of  Antenna  Equipment 


TUBES  AT  WORK 


(continued) 


well  known  that  f-m  offers  the  pos¬ 
sibility  of  really  high  fidelity  but 
what  is  this  worth  if  the  loud¬ 
speaker  designer  ignores  what  the 
transmitter  engineer  can  give  him? 

The  question  of  preemphasis  at 
the  transmitter  and  deemphasis,  at 
the  receiver  has  been  examined  very 
carefully  by  the  B.B.C.  and  the 
judgment  is  that  a  preemphasis 
of  50  /isec  would  be  best  for  use. 
But  here  too  the  whole  matter  is 
tied  up  with  loudspeaker  design. 
Preemphasis,  incidentally,  is  de¬ 
fined  as  the  time  constant  of  a 
circuit  having  the  required  fre¬ 
quency  characteristic. 


[  Interference  Ratio 

i  Concerning  the  matter  of  mu¬ 
tual  interference  between  stations 
having  a  common  service  area,  it 
1  was  found  in  trials  that  10  db  (3 :1) 

I  between  two  stations  gave  no  in- 
!  telligible  intereference.  There  was 
I  just  a  rasping  sound.  But  to  make 
a  substantial  reduction  in  this,  20 
db(10:l)  was  the  figure  required 
and  to  eliminate  completely  all  mu¬ 
tual  interference  a  30  db(30:lj 
j  difference  was  wanted. 

I  The  tests,  however,  brought  out 
the  immense  superiority  of  f-m  in 
this  respect  since  30  db  gives  com- 
j  plete  freedom  from  interference 
1  whereas  with  a-m  even  46 
!  db  (200:1)  does  not  produce  the 
i  condition  of  no  interference. 

I  The  frequency  deviation  of  an 
f-m  transmitter  is  judged  to  be 
I  adequate  at  ±  75  kc  and  once 
I  again  dependent  factors  arise  since 
a  narrow  deviation  band  demands 
receivers  with  very  stable  oscilla¬ 
tors  although  it  has  the  advantage 
of  permitting  more  channels  in  a 
given  ether  space.  The  amount  of 
deviation  is  also  tied  up  with  the 
“capture”  effect. 

The  field  trials  discussed  above 
not  only  included  measurements 
^  but  a  number  of  tests  by  ear.  From 
I  these  last  tests  a  certain  amount  of 
i  disappointment  emerged — f-m  did 
I  not  seem  to  some  people  to  produce 
i  the  expected  background  of  silence, 
j  Alternatives  to  f-m  and  a-m  have 
i  also  been  tested  by  the  B.B.C.  and 
it  has  been  found  that  f-m  is  defi¬ 
nitely  superior  to  pulse  modulation 
systems  for  high  fidelity  working 
and  high  fidelity  has  always  been 


TYPE  1800 

AUTOMATIC  DEHYDRATOR 

A  compact,  completely  automatic  unit  that  pressurizes  coaxial  transmission  lines 
with  clean,  dry  air.  Starts  and  stops  itself.  Maintains  steady  pressure  of  15  pounds. 
A  motor  driven  air  compressor  feeds  air  through  one  of  two  cylinders  containing 
a  chemical  drying  agent  where  it  gives  up  all  moisture  and  emerges  absolutely 
clean  and  dry.  Weighs  40  pounds;  14  inches  wide,  14  inches  high,  11  inches  deep. 
Power  consumption,  210  watts,  320  watts  during  reactivation. 


TYPE  720 
PANEL  MOUNTING 
DRY  AIR  PUMP 


Specially  designed  for  use  in  equip- 
ment  requiring  a  small,  built-in  source 
of  dry’  air.  Only  2  inches  in  diameter, 
6  inches  long.  Pressures  as  high  as 
pounds  are  easily  generated.  Piston 
type  compressor  drives  air  through  a 
chemical  drier.  Pump  supplies  dry  air 
with  only  7  to  10%  relative  humidity. 
Additional  silica  gel  refills  available 
at  reasonable  cost. 

TYPE  876-B 

Designed  over  the  simple  tire  pump  principle,  this  all-purpose 
dry  air  pump  has  numerous  applications.  Output  of  each  stroke 
is  about  26  cubic  inches  of  free  air.  Transparent  lucite  barrel 
holds  silica  gel.  Supplied  complete  with  7-foot  length  of  hose. 
Height  25V2  inches.  Net  weight  8V2  pounds. 

Andrew  Dry  Air  Equipment  is  used  in  a  multitude 
of  other  applications.  Write  for  further  information. 
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THE  AMSONIA  EIECTRICAL  DIVISION 

ANSONiA  CONNECTICUT  0/ 


T  *  vMT  V 


Noma,  euctric  corporation 
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We  have  designed  many  cables  which 
have  solved  a  multitude  of  problems. 
When  you  come  to  Ansonia  for  some¬ 
thing  original  in  cables,  our  engineers 
will  turn  out  a  product  to  meet  your 
specific  requirements. 


photo  courtesy 
Bakelite  Reriew 
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a  main  consideration  with  the  Cor¬ 
poration,  which  strives  to  keep  its 
transmitters  ahead  of  receivers. 

Both  these  summaries  of  recent 
B.B.C.  technical  work  have  been 
made  with  the  permission  of  the 
Corporation  and  fuller  details  are 
contained  in  its  new  journal, 
Quarterly.  — J.H.J. 

Speeding  up  the  Return 
Trace 

By  a.  H.  Taylor 

In  the  conventional  sawtooth 
sweep  circuit  used  in  cathode-ray 
oscilloscopes,  the  speed  of  the  re¬ 
turn  trace  is  limited  by  the  permis¬ 
sible  peak  current  of  the  gas  tube. 

Usually  the  gas  tube  is  fired  at 
60  volts  or  less  when  charging  from 
several  hundred  volts,  to  use  only 
the  initial,  nearly  linear  part  of  the 
exx)onential  voltage  curve.  The  type 
884  thyratron  is  particularly  suit¬ 
able  for  this  because  of  its  linear 
control  characteristic,  extending 
even  to  low  plate  voltages.  Unfor¬ 
tunately,  its  permissible  peak  plate 
current  is  but  300  ma.  Type  2050, 
on  the  contrary,  will  handle  a  peak 
of  one  ampere  but  has  at  low  plate 
voltages  an  excessively  curved  con¬ 
trol  characteristic  that  makes  for 
unsteady  operation. 


HOW  THE  G-E 
MYCALEX  SERVICES 
CAN  BENEFIT  YOU  NOW 


You  may  order  fabrication  of  sample 
G-E  mycalex  parts  at  surprisingly  low 
cost.  Test  them  yourself  in  your  own 
equipment.  Then,  if  you  decide  to 
specify  G-E  mycalex,  your  design 
can  be  converted  to  a  molding  proc¬ 
ess  which  permits  speedy  and  eco¬ 
nomical  production  runs. 


Get  This  Unique  Combination 
of  Properties  with  G-E  Mycalex 


High  dielectric  strength 
Low  power  factor 

Proionged  resistance  lo  electrical 
arcs 

Chemical  stability— tio  deterioration 
with  age 

Dimensional  stability— freedom 
from  warpoge  and  shrinkage 
Impervious  to  water,  oil,  and  gas 
Resistance  to  sudden  temperature 
changes 

Low  coefficient  of  thermal  expan¬ 
sion 

High  heat  resistance 

Samples  Supplied  on  Request 


heighten  the  efficiency  of  your 
product  and  save  on  over-all  in¬ 
sulation  casts  by  using  a  G-K 
mycalex  precision  molded  part . 

G-E  mycalex,  a  stone-hard, 
gray-colored  material  that  is  pro¬ 
duced  by  fusing  special  glass  with 
powdered  mica,  is  now  available 
to  you  in  standard  rods  and 
sheets  .  .  .  fabricated  parts  ...  or 
molded  to  your  own  design.  A  new 
bulletin  tells  the  whole  story  of 
unique  G-E  mycalex — send  for  it 
today.  Plastics  Divisions,  S-15, 
Chemical  Department,  General 
Electric  Company,  1  Plastics 
Avenue,  Pittsfield,  Massachusetts. 


tHere  is  an  example  of  precision 
molding  a  critical  component  in 
(i-E  mycalex  and  supplying  it  by 
the  million.  The  aircraft  engine 
spark  plug  terminal  sleeve  had 
the  advantage  of  being  “self- 
healing’*  after  exposure  to  pro¬ 
longed  arcing.  It  lent  itself  to 
ground  crew  maintenance  of  our 
warplanes. 

This  is  but  one  of  the  many 
parts  molded  in  G-E  mycalex  by 
General  Electric  during  the  war. 
Why  not  consult  G-E  engineers, 
who  have  perfected  G-E  mycalex 
molding  techniques,  about  your 
insulation  problems?  You  may 
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with  filtered  oil  cons^ntljf'  flushing 
through  the  crankcase.  Then  the 
electronic  controls  apply  a  half  load 
on  the  generator,  the  throttle  opens 
up,  and  the  engine  runs  for  12  min¬ 
utes  at  half  load.  During  the  first 
seven  minutes  at  half-load,  oil  con¬ 
tinues  to  flush  through  the  crank¬ 
case,  while  a  filtering  system  takes 
out  any  metallic  traces  remaining  ' 
from  the  manufacturing  process. 
The  oil  drain  then  closed  auto¬ 
matically,  the  crankcase  is  filled  to 
operating  level,  and  the  last  five 
minutes  of  the  half-load  test  is  run 
with  oil  circulating  within  the 
crankcase. 

The  engine  is  stepped  up  to  full 
load  at  1250  rpm  for  the  final  three 
minutes  of  the  test.  During  the 
run,  the  operator  of  the  stand  gives 
all  connections  and  cylinder  head 
studs  a  final  tightening,  and  an  in¬ 
spector  checks  each  engine  for 
power  output  and  every  engineer¬ 
ing  specification. 

On  the  dynamometer  instrument 
panel,  flashing  lights  show  instantly 
that  the  oil  pump,  water  pump,  and 
thermostats  are  functioning,  and 
that  the  ignition  timing  is  correct. 
At  the  end  of  the  20-minute  run  the 
engine  is  shut  off  and  oil  and  water 
are  drained  automatically.  Five 
minutes  later,  the  engine  is  back  on 
the  conveyor,  on  its  way  to  be  in¬ 
stalled  in  a  new  Dodge. 

The  technique  developed  as  an 
outgrowth  of  experience  in  testing 
more  than  18,000  engines  for  B-29 
Superfortresses  at  Chrysler  Cor¬ 
poration’s  wartime-operated  Dodge- 
Chicago  plant. 
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Testing  lAulumubiie  Engines 

At  the  do£)GE  automobile  main  ished  engines  directly  to  the  new 
plant,  electronically  controlled  dyna-  dynamometer  room  where  sixty 
mometer  test  stands  provide  a  new  dynamometer  test  stands  are  ar- 
automatic  means  of  testing  and  ad-  ranged^,  in  two  rows  alongside  the 
justing  car  engines.  A  novelty  of  conveyor  line  of  moving  engines, 
the  setup  is  that  each  engine  drives  Virgin  engines  are  lifted  by  over- 
a  generator  that  feeds  electric  cur-  head  cranes  directly  from  the  line 
rent  into  the  plant’s  power  line.  In  to  the  dynamometer  stands, 
one  hour,  510  kilowatts  are  gene¬ 
rated  by  the  engines  on  test. 

The  dynamometer  test  stands 
take  the  place  of  the  old  block  test 
which  required  an  hour  and  a  half, 
and  the  old  dynamometer  test, 
which  took  an  additional  ten  min¬ 
utes,  not  counting  time  to  transfer 
the  engines  between  stands.  The 
time  required  for  fully  testing  an 
engine  has  been  reduced  to  20 
minutes.  A  saving  is  accomplished 
also  by  eliminating  the  bank  of  en¬ 
gines  manufactured  ahead  of  as¬ 
sembly  line  needs  to  offset  the  un¬ 
certainty  of  the  former  method  of 
engine  testing. 

The  engine  conveyor  delivers  fin- 


Test  Cycle 

One  of  the  test  stands  is  shown 
in  the  illustration.  The  upright 
cabinet  contains  a  generator  and 
electronic  controls  that  operate  an 
instrument  panel.  Adjoining  it  is 
the  base  on  which  the  engine  is 
mounted.  Fuel,  water,  oil,  and  ex¬ 
haust-gas  lines  are  concealed  under¬ 
ground.  A  hydraulically  operated 
throttle  adjusts  automatically  as 
the  engine  runs  from  idling  speed 
up  to  full  load.  Practically  no  hu¬ 
man  error  can  enter  into  the  testing 
procedure. 

The  engine  0F>erates  for  five  min¬ 
utes  at  an  idling  speed  of  500  rpm. 


Ruiiarange  for  Cooking 

Microwave  cooking  using  a  magne¬ 
tron  and  a  horn  antenna  to  direct 
r-f  energy  into  food  is  the  latest  de¬ 
velopment  in  the  field  of  electronic 
heating.  Called  the  Radarange  b.v 
Raytheon  Manufacturing  Co.,  the 
equipment  bakes  biscuits  and  gin¬ 
gerbread  in  29  seconds,  cooks  ham¬ 
burgers  with  onion  in  35  seconds, 
and  grills  a  frankfurter  and  roll  in 
eight  to  ten  seconds.  A  package  of 
frozen  food  can  be  placed  in  the 
range,  defrosted  in  a  few  seconds, 
and  cooked  in  a  few'  more  seconds. 

The  equipment,  shown  in  the  pho- 


Dynoinlc  iMlInq  ol  Dodg*  outomobU*  miginM  Is  bsing  accompliahsd  l>y  rixty 
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MBLOOPS  now  covered 


said  spiral. 


In  addition  to  the  above,  other 


patents  are  pending,  domestic  and 
foreign,  covering  the  methods  of 
manufacture  and  items  such  at 


stamped  electrostatic  shields. 


stamped  disc  tn>e  commutators, 
stamped  inductance  coils,  stamped 
wiring  circuits  and  for  the  mold¬ 


ing  of  loops  and  creative  metal 
designs  in  cabinets  which  are  of 


plastic  or  inert  materials. 


The  Franklin  Airloop  Corp^  which 


has  the  rights  to  the  use  of  this 


patent,  offers  its  experimental 
laboratories  to  assist  in  the  devel¬ 


opment  of  any  item  which  can  be 
manufactured  by  the  stamping 


method  covered  in  these  patents. 


SHORT  WAVE  INDUCTANCE  COIL 


ELECTROSTATIC  SHIELD 


Illustrated  are  but'a  few  of  the  Hems 
that  can  be  manufactured  by  the  method 
covered  in  this  patent  .  .  .  many 
otners  are  now  in  development  .  .  . 
you,  too,  may  conceive  a  use  for  this 
patented  method  and  in  such  case 
the  Franklin  experimental  laboratories 
will  be  glad  to  assist  in  its  development. 


DISC  TYRE  COMMUTATOR 
MULTIPLE  SWITCH 
VARIARLE  RESISTANCE 


by  basic  patent  #2f40Mf472 


FRANKLIN  AmLOOPS  NOW 


COVERED  BY  BASIC  PATENT 


Patent  No.  2,401,472  covering  the 
new  loop  antenna,  known  as  the 


AIRLOOP,  has  just  been  issued 
by  the  U.  S.  Patent  Office.  The 
claims  issued  are  basic  in  scope 
as  is  evidenced  in  claim  No.  1 


which  is  typical  and  follows: 


1 — An  air  dielectric  induc¬ 
tance  comprising  a  panel 
of  insulating  material  and 
a  continuous  metal  strip 
formed  from  a  metal  sheet 
and  attached  to  one  face 
of  said  panel  in  the  form 
of  a  spiral,  the  planar 
width  of  said  strip  being 
equal  to  the  pitch  of  said 
spiral  and  said  strip  be 
ing  in  channel  form  to 
provide  a  free  air  spaee 
between  adjacent  turns  of 


FRANKLIN  AIRLOOP 
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STANDARD  IRON  CORES — National  AAoldile  molded  cores  con  be  sup¬ 
plied  for  any  size  coil  with  or  without  inserts,  if  desirable.  New  formulae 
moke  higher  Q  values  possible,  and  accurate  powder  control  assures 
uniform  density.  Cores  ore  currently  produced  in  quantity  for  ultra  high, 
high,  medium  and  low  frequencies.  Modern  facilities  permit  rigid  odher- 
once  to  critical  mechanical  and  electrical  specifications. 

PERMEABILITY  TUNING  CORES — National  Moldite  is  one  of  the  largest 
producers  of  tuning  cores  in  the  country.  This  leadership  and  large  scale 
production  result  in  efficiency  and  economy  thot  has  proven  important  to 
customers.  Any  size  run,  with  the  most  critical  specifications,  can  be 
handled  with  exact  uniformity  of  all  pieces. 


Food  to  bo  cookod  in  the  Raytheon  Rodo- 
range  ii  placed  in  the  TentUoted  "oTen" 
and  inserted  in  the  cabinet  where  r-f  it 
squirted  into  it  from  the  horn  antenna 


SMCIALIZATION 

Notional  Moldito  Iron 
cores  ore  produced  by  spe¬ 
cialists  engaged  exclusively 
in  the  manufocturing  el 
iron  cores.  A  complete 
line  of  mognetic  iron  cores 
for  use  at  all  frequencies 
including  television  and 
FM  is  now  available. 


the  cooking  area  to  practically  beam 
the  r-f  output  into  the  food  being 
cooked.  The  only  controls  are  two 
pushbuttons  and  a  timer  setting.  In 
operation  the  timer  is  set  for  the 
desired  cooking  time  and  the  but¬ 
ton  pressed.  When  cooking  is  com¬ 
pleted,  the  timer  automatically 


ENGINEERING 

If  is  a  simpio  mattor  for 
National  Moldite  engineers 
to  fit  the  right  core  to  your 
particular  coil  for  the  best 
results.  Thoroughly  famil¬ 
iar  with  every  iron  core 
application,  these  techni¬ 
cians  will  be  glad  to  assist 
you  in  determining  which 
af  these  components  con 
best  meet  requirements. 


PRODUCTION 

With  vastly  expanded  pro¬ 
duction  focilities.  Notional 
Moldite  is  in  a  position  to 
meet  your  immediate  iron 
core  requirements.  Quality, 
economy  and  dependability 
are  assured,  without  sacri¬ 
ficing  assembly  schedules 
or  delivery  deadlines. 

SAMPLES 

National  Moldite  sample 
iron  cores  will  be  sub¬ 
mitted  for  design,  test  and 
pr'e-production  purposes 
upon  receipt  of  your  re¬ 
quest.  Use  Moldite  mo- 
teriol  grade  designations  to 
insure  prompt  and  exact 
duplication  of  the  required 
cores.  Specify  ••MOIOITE” 
for  ••QUAIITY" 


Th«  magnqtron  and  horn  aiMmbly  are 
monntod  in  tho  top  oi  tho  Radarange  cooker 


shuts  off  and  the  food  is  ready  to 
eat.  The  power  supply  is  located  in 
the  base  of  the  cabinet. 

It  is  planned  to  produce  several 
sizes  of  equipment  to  meet  specific 
applications,  such  as  in  aircraft 
where  space  is  an  important  factor. 

Phototube  Sees  X-Rays 

Automatic  x-ray'  inspection  of 
parts  for  internal  defects  is  made 


25  MONTGOMERY  STREET 


HILLSIDE,  NEW  JERSEY 
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Kodak 


one-third  second  later, 
circuit  breakers  stop 
current  flow  •  • . 


One-hundredth  second 
after  strike,  automatic  oscil¬ 
lographs  start  recording  . . . 


and  then  quick  computations, 
based  on  overload  current 
and  voltage,  give  distance 
along  line  to  trouble. 


Oscillogram  made 
on  Kodak  Record¬ 
ing  Paper  697 


Instrument 

Recording 

•  another  important  function 
of  photography 


WHEN  WINDSTORMS  damage  power  lines  .  .  .  when  animals 
or  birds  “short”  a  circuit  to  ground  . .  .  automatic  oscillo¬ 
graphs  click  into  action  and  record  the  current  and  voltage 
changes.  In  less  than  one-half  second  it  may  be  all  over— the 
circuit  breakers  will  have  opened  to  stop  the  flow  of  current. 

Tremendous  speed  of  instrument  response,  of  recording,  is 
essential . . .  and  moving  mirror  oscillographs  with  photographic 
recording  papers  are  more  than  equal  to  the  task— because  they 
can  start  operating  in  a  hundredth  of  a  second. 

In  service  such  as  this,  and  in  many  other  applications  of 
oscillographs  to  studies  of  transient  phenomena,  the  qualitv 
and  dependability  of  photographic  papers  and  films  are  factors 
which  control  the  usefulness  of  trace  data.  There  is  a  suitable 
Kodak  paper  or  film  for  every  type  of  oscillograph,  and  Kodak 
engineers  will  be  glad  to  help  with  any  work  you  may  be  doing 
with  photographic  instrument  recording. 


Industrial  Photographic  Division,  Rochester  4,  N.  Y. 


m'4mr  A/nKAWH  ADVAHTACt  Of 

MarioM  Class-to-JHIetal  Truly  Hermeikdiy  Seahd 
2m’'  and  3Mi”  ilectrkal  Indkating  lustruments 

(ILLS  ru*. 


^  ;(co«tlnu.d) 

possjl^^  in"’ the  accompanying*  cir 

.cuit  )>y  placing  a  type  ^931 'multi¬ 
plier  phototube  in  the- position  itor- 
mally  occupied  byVfilpi  during  In¬ 
spection  by  the  x-ray*/absorption 
method,  and  by  using  an  appro^' 
priate  phosphor  to  convert  the  in¬ 
cident  x-radiation  into  ra^ation  of 
longer  wavelength  that  can  be  meas¬ 
ured  by  the  photot^ube.,.,^TKe' phos¬ 
phor,  su<di-as  aiXyer-activate(J:‘zinc 
sulphide  or  CaWo,'^may”  be  applied 
to  the  glass  envelope  of  the  photo¬ 
tube  or  to  a  fluoroscopic  screen  posi¬ 
tioned  between  the  tube  and  the 
part  being  inspected. 

Negative  pulses  from  the  931 
anode  are  resistance-capacitance 
coupled  to  one  grid  of  the  6SN7 
tube.  The  amplified  positive  pulses 
are  then  coupled  to  the  other  tiiode 
section,  which  is  operated  as  a  cath¬ 
ode-follower  impedance  converter  to 
supply  a  comparatively  low  imped¬ 
ance  network.  The  output  df  .Ihe 


D.C.  MILLIAMPERES 


HH3 


♦  zaov 
REGULATED 


TO  MARKER  AND 
WARNING  LIGHT 


Round  for 
Stool  Panol 


Roctongwior  for 
^  Stool  Ponol 


relay 


ZfiOC  •  ' 

cc^ooo 


Marion  "hermetics"  offer  new  flexibility  in  application,  stocking  and  soles. 
Just  one  instrument,  vrith  its  appropriate  flanges,  fills  four  different  require¬ 
ments  .  .  .  the  only  thing  that's  necessary  is  to  fit  the  flange  to  the  need  in 
question.  In  addition  to  being  truly  hermetically  sealed,  these  instruments 
are  mognetically  and  electrostatically  shielded.  And  are  supplied  with 


TO  PROTO-  . 
ELECTRIC  » 
RECORDER 


.  .  .  which  are  the  key  to  the  “4  for  1"  Advantage.  With  these,  it  is  i>ossible 
to  order  a  minimum  number  of  instruments  in  the  most  popular  ranges,  and 
apply  either  the  round  or  square  flange  according  to  usage.  This  feature 
simplifies  ordering  and  inventory  procedures  for  the  manufacturer  .  .  and 
stocking  and  selling  for  the  jobber.  Besides  black,  the  flanges  ore  available 
in  12  iridescent  colors  —  including  red,  blue,  green,  gold  and  silver.  The  use 
of  color  has  been  found  to  add  to  the  eye-appeal  and,  consequently,  to  the 
soles  value  of  otherwise  drab  equipment. 


A  multiplier  phototube  replaces  the  usual 
film  for  high-speed  automatic  inspection  of 
parts  for  internal  defects.  The  thyrotron 
operates  a  marker  and  warning  light 


cathode-follower  is  rectified  by  a 
6H6  diode  and  the  d-c  output  is  used 
to  trip  a  2051  thyratron  and  relay 
to  operate  a  marker  and  warning 
light  when  output  reaches  a  certain 
value.  The  d-c  current  also  operates 
a  photoelectric  recorder  of  the  .x- 
ray  intensity. 

In  one  application  of  the  circuit, 
described  by  H.  M.  Smith  of  Gen¬ 
eral  Electric  Co.,  defective  fuzes 
had  part  of  their  powder  charge 
missing^,  and  they  therefore  allowed 
greater  x-ray  penetration  than 


100%  GUARANTEED 


gardless  of  condition  and  pro- 
broken.  we  will 
200  microamperes  upwar 
with  sensitivity  greater  than 


lor  six  months  -  after  thai.  r* 
vided  the  seal  has  not  be^ 
ou.-  or  3V2"  instrument  from 

IVandW  onf  3^  -yp. 

200  microOTpeivsJo^^^^ 
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sislors  Plastic  Knobs, 
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ERIE  RESISTOR  CORP. 

ERIE,  PENN  S  Y  LVA  N  I  A 


LONDON,  ENGLAND 


TORONTO,  CANADA 


with  KESTER 

Cored  SOLDERS 

•  On  hundreds  of  reconverted  production  lines  throughout 
industry,  Kester  Cored  Solders  are  Specification  No.  1  for 
fast,  failure-less  soldering  and  permanently  trouble-free 
solder-bonds. 

•  Fast,  because  Kester  Cored  Solders  end  guesswork.  Flux 
and  alloy— ri^/if  kind  and  right  quantity— are  applied  in  one 
simple,  easy  operation. 

•  On  assembly  lines  for  electrical  equipment,  you’ll  find 
Kester  Rosin-Core  Solder  making  connections  tight,  for  years 
of  freedom  from  corrosion  and  terminal  resistance.  Elec¬ 
trical  circuits  operate  with  a  minimum  of  service  difficul¬ 
ties  when  they’re  protected  with  Kester  Rosin-Core  Solder. 

•  Kester  Acid-Core  Solder,  for  general  work,  is  the  ideal 
all-purpose  solder. 

•  Kester  Cored  Solders  come  in  a  wide  range  of  flux  and 
alloy  combinations,  strand  and  core  sizes,  one  of  which  is 
exactly  suited  to  every  application.  Kester  engineers,  backed 
by  47  years  of  laboratory  research  and  practical  solder 
experience,  will  gladly  work  with  you  on  any  solder  problem, 
at  no  obligation  to  you.  Write  them  fully,  any  time. 


INDUSTRIAL  CONTROL  (continued) 

good  fuzes.  The  2051  thyratron  bias 
was  so  adjusted  that  sufficient  sig¬ 
nal  would  be  obtained  to  trip  it  and 
operate  the  relay  whenever  a  de¬ 
fective  fuze  passed  through  the 
x-ray  beam.  The  signal  from  a  good 
fuze  was  of  insufficient  amplitude 
to  trip  the  circuit.  Since  the  x-ray 
beam  was  masked  off  between  fuzes, 
no  x-rays  reached  the  detector  cir¬ 
cuit  except  through  the  fuze  under 
inspection. 

To  provide  a  check  on  the  proper 
functioning  of  the  inspection  equip¬ 
ment,  every  fourth  fuze  passing 
through  the  test  position  was  known 
to  be  defective.  (These  known  de¬ 
fective  fuzes  were  left  in  their  posi¬ 
tions  on  the  conveyor  during  the 
entire  test  run.)  If  the  equipment 
failed  to  reject  any  of  them  the  test 
was  immediately  stopped  and  the 
cause  of  the  failure  eliminated. 

In  place  of  the  photoelectric  de¬ 
tector,  an  ionization  chamber  might 
have  been  used.  However,  the  cur¬ 
rent  output  of  an  ionization  cham¬ 
ber  is  usually  extremely  small,  and 
considerable  amplification  is  nec¬ 
essary,  together  with  a  coupling  re¬ 
sistance  of  high  value.  This  high 
resistance  and  the  associated  capac¬ 
itances  of  the  ionization  chamber 
and  the  amplifier  result  in  too  long 
a  time  constant  for  high  speed  of 
response.  Furthermore,  the  com¬ 
plexity  and  instability  of  these 
amplifiers  makes  it  much  more  con¬ 
venient  to  use  the  photoelectric  ar¬ 
rangement.  Even  for  direct-current 
outputs,  the  enormous  d-c  amplifi¬ 
cation  with  stability  available  in 
the  931  tube  makes  its  use  prefer¬ 
able  to  that  of  the  ionization  cham¬ 
ber  in  most  applications. 


Electronic  Heating 
Conference 


KESTER  SOLDER  COMPANY 


4204  Wrightwood  Avenue,  Chicago  39,  III. 
Eastern  Plant :  Newark,  N.  J. 

Canadian  Plant :  Brantford,  Ont. 


KES¥ER 


STANDARD  FOR  INDUSTRY 


Industrial  applications  of  high- 
frequency  heating  equipment  that 
ranged  from  dielectric  baking  of 
foundry  cores  to  inhibition  of  mold 
on  Boston  brown  bread  were  dis¬ 
cussed  recently  at  a  two-day  con¬ 
ference  of  engineers  in  San  Fran¬ 
cisco. 

Baking  of  foundry  cores  was  a 
cooperative  venture  between  Induc¬ 
tion  Seating  Corp., .  and  E.  F. 
Houghton  Corp.,  suppliers  of  the 
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INDUSTRIAL  CONTROL 


(continued) 


i^h  TELEFAX 


binder  materials  used.  Where  the 
old  oven  method  required  time  in 
the  order  of  hours  and  produced 
cores  with  irregular  texture,  the 
new  development  cut  the  operation 
on  one  particular  core  to  30  seconds 
and  produced  uniform  cores  with 
ideal  color  and  texture. 

The  wet  cores  were  carried 
through  a  dielectric  heating  tunnel 
by  belt  and  timing  was  thus  re¬ 
moved  from  the  responsibility  of 
tlio  operator.  Because  of  the  dry¬ 
ing  curves,  as  shown  in  the  accom¬ 
panying  illu.stration,  it  became  im¬ 
possible  to  burn  the  cores  even  by 
i-epeated  passes  through  the  tunnel. 
The  knee  in  the  solid  curve,  repre¬ 
senting  the  wet  pass,  is  created  by 
the  presence  of  moisture.  On  a  sub¬ 
sequent  pass  approximately  the 
.same  ultimate  temperature  is 
reached. 

It  has  been  found  possible  to 
pour  alnico  and  Stellite  around 
cores  produced  by  the  electronic 
process.  The  reported  cost  for  power 
is  about  $1.25  per  ton  of  sand 
treated  and  tube  cost  is  eight  cents 
per  hour. 


IS  REALLY  '^PRINTING 


BY  REMOTE  CONTROL 


R~F  Sterilization 

In  a  discussion  on  r-f  treatment 
of  foods  and  agricultural  products, 
it  was  mentioned  that  such  treat¬ 
ment  could  be  uniform  only  in  ho¬ 
mogeneous  materials  where  a  con¬ 
stant  voltage  gradient  could  be 
expected.  Contrary  to  common  ex¬ 
pectations,  even  foods  like  potatoes 
present  structures  organized  into 
discrete  areas  which  make  this  dif¬ 
ficult.  Unsolved  problems  in  this 
field  include  use  of  higher  frequen- 


^  X^inch  Telefax  equipment  transmits 

and  records— by  radio  or  telephone— exact  facsimiles  of 
written  or  printed  messages,  as  well  as  drawings,  photo¬ 
graphs,  signatures,  typewriting,  etc.  Finch  Telefax 
is  really  '"printing  by  remote  control.”  It  is  the  fastest 
known  and  most  accurate  S5^tem  of  communication. 

Write  for  particulars. 


FINCH  TELECOMMUNICATIONS,  INC. 

Address  all  inquiries  to  Sales  Office 
10  EAST  .40th  STREET  •  NEW  YORK  16,  N.  Y. 

Makers  also  of  Facsimile  Broadcast  Transmitting  Equip¬ 
ment,  Facsimile  Home  Recorders,  Faxograph  Duplicating 
Machines,  and  Finch  Rocket  Antenna  for  FM  stations. 


PROGRESS  THROUGH  TUNNEL 


Drying  curves  for  dielectric  heating  of 
foundry  cores  show  that  same  ultimate 
temperature  is  reached  by  second  pass 
through  heating  unit.  Knee  in  solid  curve 
is  produced  by  moisture  in  initial  core. 
Dashed  curve  is  that  of  subsequent  pass 


cies,  application  of  more  power, 
and  a  better  understanding  of  tis¬ 
sues  involved. 

The  proper  degree  qf  steriliza¬ 
tion  required  for  commercial  food 
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Cvt  design  costs  and  maintenance  expense 
with  CONSTANT  VOLTAGE  protection 


Write  for  BulleHn  DCV-102 

Here  you’ll  find  the  answer 
to  a  problem  that  confronts 
every  manufacturer  and  user 
of  electrical  or  electronic 
equipment. 


OLA 


CoftiiaHC 

TRANSFORMERS 


TrantferiiMrt  fort  Constant  Voltage  •  Cold  Cathode  Lighting  •  Mercury  Lamps  •  Series  Lighting  •  Fluorescent  Lighting  •  X-Roy  Equipment  •  Luminous  Tube  Signs 
Oil  Burner  Ignition  •  Radio  •  Power  •  Controls  •  Signal  Systems  •  etc  SOLA  ILICTRIC  COMPANY,  2525  Oybourn  Avoniio,  Chkogo  14,  Illinois 

AfawM/ac/Mmi  fii  Ccnada  unJ^r  lictnst  by  FERRANTI  ELEC  TRIG  EIMITEO,  Toroatc 


age  that  reaches  your  equipment  will  be 
maintained  within  ±1%  of  the  limits 
specified  on  your  label. 

Sola  Constant  Voltage  Transform¬ 
ers  do  their  job  automatically.  There 
are  no  tubes  or  moving  parts — nothing 
that  requires  manual  supervision. 
Standard  designs  are  available  in  ca¬ 
pacities  from  IVA  to  15KVA  or  special 
units  can  be  built  to  your  design  speci¬ 
fications  and  cost  limitations. 


What  happens  to  YOUR  product  when 
input  voltage  varies  10-15%  from  the 
value  specified  on  your  label? 

Commercial  line-voltages  vary  that 
much — and  more!  But  you  will  be 
blamed  if  your  product  fails  to  perform 
at  its  best,  regardless  of  those  variations. 

Be  on  the  safe  side.  Build  a  SOLA 
Constant  Voltage  Transformer  into  your 
equipment  and  regardless  of  supply  line 
variations  as  great  as  ±15%  the  volt¬ 
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NYLON  l-J 


CRYSTAL  PICKUP 


CARTRIDGE 


Improves  performance  with 


respect  to  needle  life  and  fre¬ 


quency  response. 


Improves  tracking  at  low 
needle  pressure  and  reduces 
record  wear. 


Employs  Nylon  Chuck  and 


matched,  sapphire-tipped, 
knee-action,  replaceable  Ny 
Ion  Needle. 


Assures  phonograph  manufac 
turer  that  the  quality  of  repro 
duaion  remains  CONSTANT, 


regardless  of  needle  replace 
ments  .  . .  because  the  Nylor 
Needle  is  MATCHED  to  the  car 


tridge  and  is  the  only  needle 
that  can  be  used  with  it. 


-Assures  phonograph  owner  of 
unalterable  quality  of  reproduction. 

•  MANUFACTURERS  and  ENGINEERS  interested  in  improving 
the  quality  of  phonograph  reproduaion  and  the  MAINTE¬ 
NANCE  of  such  quality  during  the  life  of  the  instrument,  will 
find  such  possibilities  in  the  use  of  Astatic’s  new  Nylon  l-J 
Crystal  Cartridge.  A  descriptive,  informative  and  generously 
illustrated  folder,  including  cartridge  specifications,  is  now 
available.  Write  for  it  today. 


industrial  control  tcontioueo) 

products  was  stated,  in  one  of  the 
14  papers  delivered,  t«  result  in 
destruction  of  all  spoilage  micro¬ 
organisms  except  a  few  of  the 
thermophilic  bacteria  and  inacti¬ 
vation  of  all  the  well-known  en¬ 
zymes.  This  may  be  achieved  more 
readily  with  acid  products  than 
non-acid  which  require  a  consider¬ 
able  length  of  treatment  in  the 
range  240  to  260  F  to  destroy  the 
heat-resistant  spores  of  spoilage 
bacteria. 

One  speaker  contrasted  the  po.‘j- 
sibility  of  using  a  lethal  effect 
from  electronically  produced  radi¬ 
ation  without  heat  against  the 
practice  of  using  electronic  means 
to  generate  heat  within  the  prod¬ 
uct.  The  latter  he  dismissed  as 
economically  infeasible,  stating 
that  necessary  equipment  might 
very  well  approach  in  investment 
the  entire  cost  of  a  conventional 
cannery.  Admitting  that  the  pros¬ 
pect  of  achieving  sterilization  by 
radiation  without  heat  is  most  at¬ 
tractive  to  the  industry  because  it 
would  permit  the  production  of 
fresher  foods  with  uncooked  char¬ 
acteristics,  he  questioned  the  pres¬ 
ent  possibility  of  gaining  commer¬ 
cial  sterilization  in  this  way. 

Research  Needed 

Naming  as  possible  types  of  radi¬ 
ation,  ultraviolet,  x-rays,  electro¬ 
magnetic  radiation,  and  cathode 
rays,  he  listed  barriers  to  the  ap¬ 
plication  of  research  work  referred 
to  in  the  current  literature.  For 
instance,  where  r-f  radiation  has 
been  shown  to  be  100  per  cent  ef¬ 
fective  in  killing  E.  coli,  this  was 
only  possible  in  a  salt-free  medium. 
Presence  of  only  a  few  hundredths 
of  one  percent  of  sodium  chloride 
prevented  such  action  and  indicated 
that  the  presence  of  electrolsrtes  in 
many  foods  would  make  them  un¬ 
suited  to  such  treatment.  His  con¬ 
clusion  was  that  the  canning  indus¬ 
try  would  find  it  necessary  to  await 
the  outcome  of  further  research 
being  conducted  at  a  number  of  in¬ 
stitutions  before  going  further  in 
this  development. 

In  another  paper,  it  was  disclosed 
that  work  conducted  in  the  micro¬ 
biological  laboratory  of  the  Uni¬ 
versity  of  Southern  California  may 
indicate  that  there  ia  an  r-f  effect 
on  microorganisms  beyond  the 
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flexible  plastic  tubing 


Here  is  another  application  where  this  improved  Irvington  formu¬ 
lation  . , .  Fibron  #5373  . . .  solves  an  electrical  insulation  prob¬ 
lem  involving  high  temperatures.  Hot  cement,  used  to  seal  the 
#5373-covered  heating  elements,  has  no  effect  on  the  flexibility 
of  this  unusual  plastic.  When  the  heater  is  in  use,  the  tubing 
withstands  continuous  operating  temperatures  as  high  as  85°  C. 
#5373  possesses  the  electrical,  mechanical,  and  chemical  prop¬ 
erties  which  distinguish  all  Fibron  tubings.  Some  of  these  arc: 

Dielectric  Strength  (.020'^  wall)  wet  . 1000  V.P.M. 

dry.lOOO  V.P.M. 

Tensile  Strength,  P.  S.  1 . 3000 

Life  at  105°  C . 2000  hours 

Fibron  #5373  tubing  is  available  in  all  standard 
B  &  S  wire  gauge  sizes,  in  six  brilliant  colors,  in 
heavy  wall  thicknesses  if  required— in  36"  lengths, 
coils,  or  cut  pieces. 

Test  this  unusual  product  now.  Generous  samples  and  additional 
technical  information  gladly  sent  on  request. 


*  Approved  by  Underwriters'  Laboratories 
for  this  application 

$liort  lengths  of  Fibron  #5373  are  used  to 
protect  the  rondnetor  leads  on  the  heating 
element  of  the  Electra-Serve,  manufactured 
by  Electrical  Industries,  Inc.,  Newark,  N.  J. 
This  bottom  view  of  the  unit  shows  where  the 
hot  cement  seals  over  the  #5373  insulation. 
Withstanding  this  heat  and  high  operating 
temperatures,  #5373  tubing  retains  its  flexi¬ 
bility  and  high  dielectric  strength. 


I  IK  w  I  IV%V  I  IV  afui 

AutfcorteMi  distributors  In  t  lAlTMOIE  •  KIEFiaB.  W.  Vi  •  IISTON  v  CUMOTTE  •  CltCAfiO  •  dETELMI  •  BALIAS  •  lENVER  •  IBSAMEUS  •  MIMlEAmiS 
NfVIAITnn.  I.T.  •  NEWYBU  •  NEW  OUEANS  •  PIlUiaPIIA  -  NTTSIVIfil  -  ST.  LBVIS  •  SAN  FIANCISCB  -  SEATTLE  •  lAMILTIN.  SNT..  CANAIA 


IRVINGTON  11.  NEW  JERSEY.  U.S.A. 
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Cherry 

Blind 

Rivers 


A  TIOHT  5AOT  where  Cherry  Blind 
Rivets  were  invaluable.  Operator  is 
riveting  perforated  aluminum  in- 
sukrtioe  retainer  sheets  to  structure 
bock  of  electric  cables.  Because 
Cherry  Rivets  were  available  it 
didn't  matter  that  electric  cables  had 
olreody  been  run. 


fTV/^S 

A  COKTROLLED  PULL 


CHCmiY  livers.  THEIR  KANUrACTVIlCS  APPLICATION  ARE  COVERED  8TU.S.  PATENTS  ISSUED  ePENDINC 


INDUSTRIAL  CONTROc 


(continued) 


purely  thermal  one  and  that  the 
mechanism  of  cell  destruction  under 
such  conditions  where  the  walls  are 
punctured  has  been  observed.  That 
there  is  a  specific  frequency  for 
each  organism  or  group  seems  prob¬ 
able.  As  a  practical  application  of 
the  laboratory  activities,  successful 
inhibition  of  the  growth  of  mold 
on  the  surface  of  commercial  Bos¬ 
ton  brown  bread  with  a  treatment 
by  r-f  induction  heating  was  de¬ 
scribed.  The  conference  was  spon¬ 
sored  by  fifteen  local  organizations, 
including  IRE,  AIEE,  and  the 
West  Coast  Electronic  Manufac¬ 
turers  Association. 


High-Speed  Counter 

Counting  objects  at  rates  as  fast 
as  1,000,000  per  second,  the  RCA 
time  interval  counter  is  now  for  the 
first  time  being  produced  in  quan¬ 
tities  for  science  and  industry.  The 
unit  was  developed  by  RCA  during 
the  war  and  used  for  measuring 
projectile  velocities  at  the  Army’s 
Aberdeen  Proving  Grounds.  Re¬ 
designed  for  peacetime  applica¬ 
tions,  it  can  be  used  to  measure 
velocities  and  accelerations  fur 
intervals  up  to  one  second  in  steps 
of  one  micro.second,  or  to  count  at 


1 

< 

i 

*  ’ ! 

■ 

1 ' 

■'ii 

s  ‘ 

^  ■  - 

I  1 . 

Neon-lit  figures  on  the  panel  of  the  time 
interral  counter  can  show  b  Tolocities  and 
occelerations  for  interrols  up  to  one  second 
in  steps  of  one  millionth  of  a  second 


speeds  as  high  as  1,000,000  per 
second. 

For  industrial  control,  the  instru¬ 
ment  may  be  used  as  an  integral 


Get  this  Cherry  D-4u 
Manual.  Write  to  Dept. 
K-IRO,  Cherry  Rivet  Co.. 
231  Winston  Street.  Los 
Angeles  13,  Californio 


190 


November,  IMi  —  aECTRONlCS 


•  WIDER  VOLTAGE  RANGES  — 0.1  to  150 
volts  for  oc;  0.01  to  150  volts  for  dc;  both 
in  six  ranges 

•  ACCURACY  OF  ±2%  FOR  D-C  AND 
SINUSOIDAL' A-C  VOLTAGES 

•  EXTENDED  FREQUENCY  RANGE  —  as  \ow 
as  20  cycles  with  error  of  less  than  — 
up  to  300  Me  maximum  error  is  rt  12^0  — 
useful  for  voltage  indication  up  to  2,500  Me 

•  IMPROVED  PROBE  —  much  smaller  —  nat-  ■" 
ural  frequency  increased  to  1050  Me  — 
much  better  shielding  —  can  be  used  with  a 
variety  of  standard  probe  fittings,  three  of 

,  which  are  supplied 

•  A  SINGLE  ZERO  ADJUSTMENT  GOOD  FOR 
ALL  SIX  RANGES 

•  NEW  METER  —  easier  to  read  —  mirror  for 
greater  precision  - —  no  parallax  —  knife- 
edge  pointer  for  upper  scales,  broad  pointer 
for  lower  —  face  illuminated  to  eliminate 
reflections  from  glass 

•  EFFECTIVE  INPUT  RESISTANCE  25  MEG-  4 

OHMS  AT  LOW  FREQUENCIES  • 

•  VERY  LOW  PROBE  INPUT  CAPACITANCE  — 
about  3.1  micromicrofarads 

•  PLATE  VOLTAGE  SUPPLY  EQUIPPED  WITH 
ELECTRONIC  STABILIZER 

•  INSTRUMENT  CAN  BE  USED  WITH  PANEL 
VERTICAL,  INCLINED  OR  HORIZONTAL 

TYPE  1800- A  VACUUM-TUBE  VOLTMETER  -  $305.00, 

•  Write  for  complete  information 


•  CALIBRATED  FOR  DC  AS  WELL  AS  AC 


^HE  Type  1800-A  Vacuum-Tube  Voltmeter 
is  a  new  instrument  based  on  the  funda¬ 
mental  designs  of  the  Type  726-A,  intro¬ 
duced  by  G-R  in  1937.  With  greater  sensi¬ 
tivity,  increased  ranges,  improved  probe 
construction,  both  d-c  and  a-c  voltage  cali¬ 
brations,  and  housed  in  a  much  more  com¬ 
pact  and  convenient-to-use  cabinet,  the  useful 
upper-frequency  limit  of  this  meter  is  ex¬ 
tended  just  about  as  far  as  present-day 
vacuum-tube  construction  will  permit. 


A  NEW 

Vacuum-Tube 

VOLTMETER 

•  INCREASED  SENSITIVITY  —  with  the  addi- 
-iiSILota  0  to  0.5  volt  scale,  sensitivity  is  ex¬ 
tended  by  a  factor  of  3 


GENERAL  RADIO  COMPANY 

90  West  St.,  New  York  6  920  S.  Michigan  Ave.,  Chicago  5  950  N.  Highland  Ave.,  Los  Angeles  38 
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BRANCH  OFFICES:  . 

NEW  YORK  •  DETROIT  •  KANSAS  CITY 


FELSENTHAL 

PLASTICS 

G.  FELSENTHAL  &  SONS 

413J  W  GRAND  AVE.  CHICAGO  51,  ILL. 


the  Plastic 
Perfectionist 


RINGS  THE  BELL 


FOR  ASSEMBLY 

“Yes  sir,**  says  Felsy,  who  holds  his 
Degree  from  the  School  of  Experience, 
“I  can  really  ring  the  bell  on  big  and 
complicated  assembly  jobs.  .  .  .  The  kind 
that  involve  a  lot  of  operations,  a  lot  of 
parts,  a  lot  of  processes,  a  lot  of  work.** 

Correct!  In  addition  to  the  experience 
and  the  manpower,  we  have  a  complete 
set-up  fLH* 

SCREENING  ENGRAVING 

PRINTING  FORMING 

HEAT  SEALING  and 

DOZENS  OF  OTHER  FABRICATING  OFERATIONS 

All  in  one  plant — all  under  one  roof — 
all  under  one  responsible  management. 

Write  for  booklet  S-A  on  four  letterhead,  it 
itluetratee  eeoree  of  parte  and  produete  made  to 
blueprint  epeelMeatton  bp  injection  Moldint, 
Laminatlnf,  and  Fabricating. 


unit  of  selective  counting  machines, 
which  automatically  start,  stop,  or 
shift  operations  when  a  prede¬ 
termined  number  of  items  has  been 
counted.  By  this  means,  any 
process  can  be  controlled  on  the 
basis  of  a  preselected  figure.  A 
dial  is  set,  and  when  the  preselected 
figure  is  reached,  the  counter  trig¬ 
gers  an  electrical  impulse  which 
stops  the  operation,  shifts  the  pack¬ 
age  to  another  conveyor,  and  starts 
the  counting  operation  all  over 
again. 

Time  intervals  longer  than  one 
second  can  be  measured  by  using 
an  external  timer  to  record  the 
number  of  times  the  counter  re¬ 
peats  its  operation. 


Industrial  X-Ray  Building 

The  first  reported  use  of  a  2,- 
000,000- volt  x-ray  machine  for 
examining  welds  in  pressure 
vessels  will  be  that  at  Babcock  and 
Wilcox  Company  of  Barberton, 
Ohio.  The  company  manufactures 
steam  generating  equipment  and  is 
a  pioneer  in  the  use  of  x-ray  to 
detect  flaws  in  pressure  vessel 
welds,  having  11  such  machines 
now  in  use. 

A  special  building  to  house  the 
new  machine  will  be  erected  adja¬ 
cent  to  the  location  of  a  present 
1,000,000-volt  x-ray  unit. 

The  building  will  be  35  feet  wide 
by  31  feet  high,  and  81  feet  in 
length.  Double  walls  of  42  inches 
of  sand  solidly  packed  between 
quarter-inch  steel  plates  will  pre¬ 
vent  radiation  from  the  unit.  An 
overhead  floor-operated  crane  will 
support  the  x-ray  unit  and  move  it 
around  within  the  building. 

The  building  will  accommodate 
drums  up  to  13  feet  in  diameter  and 
75  feet  in  length,  which  are  the 
dimensions  of  the  largest  vessel 
likely  to  be  shipped  by  rail.  Vessels 
that  weigh  up  to  150  tons  can  be 
tested.  Two  cars  with  drum  turners 
will  bring  the  drums  into  the 
building.  One  car  and  one  drum 
turner  will  be  motorized. 

The  equipment  was  purchased 
from  General  Electric  X-Ray  Cor¬ 
poration,  and  is  capable  of  operat¬ 
ing  at  any  voltage -from  1,000,000 
to  2,000,000. 
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The  New  Improved 

KP  -  81 

ateceme^i 


No.se  StteneeT 


Stages 


40  Meg* 


■pvHSIGNED  by  Karl  E.  Pierson,  creator  of  the  fa- 
mous  PR  series  of  receivers,  the  new  KP-81  is 
now  in  production.  We  promise  you  this  receiver  will 
establish  new  standards  of  excellence  in  the  field  of 
radio  communications.  KP-81  incorporates  many  of 
the  advanced  features  born  of  wartime  research,  and 
is  years  ahead  in  design,  engineering  and  perform- 


W e  are  making  every  effort  to  meet  the  heavy  demami 
for  the  new  KP-81  receivers.  However  Pierson  Elec¬ 
tronic  Corporation  will  adhere  to  thek  policy  of 
precision  construction,  and  suggest  that  you  place 
your  order  well  in  advance. 


ERSOIV  ELECTROBfIC  CORP. 

.'533  EAST  FIFTH  STREET  .  LOS  ANGELES  13,  CALIF. 
Manufacturers  of  Communication  and  Commercial  Radio  Equipment 

"Export  Department:  FRAZAR  &  HANSEN,  301  Clay  St.,  San  Francisco  11,  Calif..  U.  S.  A.** 
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Analysis  of  Linear  Sweep  Generator 
By  Eugene  L.  Langbergh 

Randal  Morgan  Lahoratory 
Univertity  of  Pennoylvania 
Philadelphia,  Pa. 


The  circuit  herein  described  is 
designed  to  take  advantage  of  cur¬ 
rent  feedback  to  cause  a  capacitor 
to  charge  very  linearly  through  a 
vacuum  tube.  The  basic  circuit  is 
shown  in  Fig.  1.  Capacitor  C  is 
charged  by  current  flowing  through 
Vi  and  R  from  the  B-supply.  Tube 
Vt  is  a  switch  used  to  discharge  C; 


FIG.  1 — drcuit  of  rolozation  swoop 
gonorotor  to  which  curront  foodback  hos 
boon  addod  to  improTO  tho  linoority 


in  this  case  a  gas  tube  as  in  the 
usual  relaxation  oscillator.  Current 
feedback  upon  which  the  circuit’s 
linearity  depends  occurs  in 
resistor  R. 

Mathematical  Analysis 


but  E,  =  Ri  so  we  have 

—  pRi  =  Tpi  -{•  Ri  y*(t‘/C)  dt 

Transposing,  multiplying  through 
by  C  and  gathering  terms,  we  have 

=  C{R  -|-  fiR  4-  rp)i  4-  y*t  dt 

Because  i  =  dq/dt  and  ij‘dt  =  g, 
we  can  write  an  equation  in  g,  the 
charge  on  the  capacitor 

=  C(ft  4-  Mfi  +  rp)  4-  9 

Let  C(i?  4-  fiR  4-  r,)  =  A  and  re¬ 
write  the  foregoing  equation  as 

dt'^  A  A 


FIG.  2 — (A)  Simplifiod  circuit  of  linoor 
swoop  gonorotor  (B)  oquiTolont  drcnit  of 
gonorotor 


For  considering  the  circuit 
mathematically,  it  can  be  simplified 
to  that  shown  in  Fig.  2A.  From 
this  circuit  we  can  draw  the  equiv¬ 
alent  circuit  shown  in  Fig.  2B.  We 
will  take  as  t  =  0  the  time  at  which 
the  switch  opens  and  consider 
what  happens  for  one  cycle,  all 
others  being  the  same. 

Assuming  that  negligible  current 
is  drawn  by  the  load  on  the  output, 
the  mesh  equation  for  the  circuit  is 
£»»  —  pEg  «■  Tfi  4-  4"  y'(*/C0  df 


This  equation  is  in  the  well  known 
form 

the  solution  of  which  is 

Q  dx  4-  Cl 

We  have  P  =  1/A,  Q  =  CE^/Ay 
y  —  q,  dx  =  dL  Making  the 
proper  substitutions  and  carrying 
out  the  indicated  integrations,  we 
have 


q  =  4- 


at  t  =  0,  g  =  EJC  where  Eg  is  the 
voltage  at  which  the  gas  tube  goes 
out,  therefore  Cx  =  C(E,  —  and 
the  solution  is 

q  =  4-  C(J?,  - 

Taking  the  derivative,  we  have 


Putting  in  the  value  of  A,  our  re¬ 
sult  becomes 


dq  ^  Ehh  —  Rt  —  t 

df  4"  pR  4-  Tp  C{R  pR  -T  Tf) 

It  is  evident  that  for  dq/dt  to  be 
constant,  C  {R  pR  +  r,)  must  be 
large.  This  fact  controls  the  se¬ 
lection  of  the  tube  V,.  It  should  be 
a  high-/*  tube  with  large  r,.  High-fi 
pentodes  fulfill  this  condition  best. 
However,  the  circuit  worked  fairly 
well  even  with  a  low-/x  triode  but 
large  R. 


Degree  of  Nonlinearity 


The  question  of  just  how  badly 
nonlinear  the  sweep  may  become 
can  be  answered  in  the  following 
manner.  The  maximum  value  of  t 
per  cycle  will  be  the  period  of  the 
sawtooth  determined  by  the  po¬ 
tential  at  which  the  gas  tube 
ignites.  If  is  the  voltage  on  the 
capacitor  at  ignition,  then  g*  =  CE,. 
Putting  this  value  into  the  equation 
for  g  and  solving  for  the  maximum 
value  of  t  =  T 

CEi  =  4-  C(Eo  - 

iE,t  -  Ei)  « 

g-T/A  ^  ~ 

Ekb  —  Et 


T 


—  A  In 


Ebb  —  Si 

Ebb  ~  Et 


Note  that  ln(Eg„  —  Ei)/ 
{Egg  —  Eg)  is  always  negative  be¬ 
cause  {Egg  —  Ex) /{Egg  —  Eg)  is 
always  less  than  unity,  hence  T  is 
always  positive. 

Solving  for  A  gives 


A  = 

then 


T 


In 


Egg  —  Ej 
Ebb  —  Eg 


dt  A 


(Egg  —  Eg)  exp  —  \n 


Egg  —  Ej 
Egg  —  Et 


The  maximum  value  of  t/T  is  unity 
at  t  =  T.  The  Charging  rate  at 
t  =  r  is 
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PRODUCTIVE 

EMPTINESS... 


Free  of  air  ...  in  a  high  vacuum  so  many  of  the 
familiar  liquids  and  gases,  so  many  heretofore  "undis- 
tillable”  substances  react  to  various  treatments  in  entirely 
new — often  strange — but  potentially  useful  ways.  Despite 
the  years  of  research  and  the  solid  accomplishments  made 
to  date,  the  held  for  new  commercially  valuable  discov¬ 
eries  through  high-vacuum  technique  remains  virtually 
untouched. 

The  D.P.I.  Glass  Two-Stage  Fractionating  Pumps  pro¬ 
vide  basic  versatile  tools  for  laboratory  investigations  in 
high  vacuum.  Beyond  this  important  function,  their 
economy  and  efficiency  have  furthered  their  wide  indus¬ 
trial  use  in  conjunction  with  trolley  exhaust  machines  in 
the  production  of  electronic  tubes  and  parts. 

GF-20A  and  GF-20W  offer  a  choice  of  either  an  air-  or 
water-cooled  pump,  capable  of  producing  a  vacuum  of 
better  than  10*^  millimeters  in  a  closed  system  of  moder¬ 
ate  size.  Its  controlled  flow  of  oil  through  the  three  boilers 
makes  this  efficiency  possible — without  employing  a  cold 
trap. 

If  either  your  laboratory  studies  or  your  commercial 
processes  involve  high-vacuum  technology,  the  D.P.I. 
Glass  Two-Stage  Fractionating  Pump  may  be  the  tool 
you  need  to  further  your  present  and  future  work. 
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service 


For 

Rectifier 

Distributors... 


Unbalanced  rectifier  stock  conditions  are 
both  annoying  and  costly.  Now,  however,  you 
can  avoid  having  surplus  inventories 
on  some  items  and  ''out  of  stock*'  entries 
on  others  with  Conant's  new 
Balanced  Inventory  Buying  plan. 

As  a  result  of  a  study  of  instrument  rectifier 
sales  to  test  equipment  manufacturers, 
Conant  is  now  able  to  offer  you  3  rectifier 
package  assortments  for  balanced 
buying.  Whatever  your  volume  of  business, 
one  of  these  assortments  will  enable  you 
to  purchase  instrument  rectifiers  with  the 
assurance  that  your  stock  on  hand 
will  always  be  properly  proportioned. 

Prices  of  the  new  "packages"  run  from 
$28.78  to  $120.48.  Send  a  postcard  today  for 
full  information  about  quantity  and  type 
of  rectifiers  in  each  unit.  Reply  will  be  prompt 
and  include  a  FREE  copy  of  the  Conant 
Instrument  Rectifier  Replacement  Guide . . . 
the  handiest  reference  book  available 
on  replacements  for  most  test  equipment. 
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ELECTRICAL  LABORATORIES 
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which  represents  the  worse  possible 
condition  of  nonlinearity.  Because 
it  is  reasonable  to  expect  the  saw¬ 
tooth  to  be  amplified  before  being 
placed  upon  the  cathode-ray  tube, 
the  sweep  generator  need  put  out 
a  voltage  no  greater  than  10  volts. 
This  condition  means  that 
=  10  volts.  Using  reasonable  values 
of  JF,*  =  350  volts,  —  15  volts, 
and  Ei  =  25  volts,  exp  In  - 
—  Fo)  has  a  value  of  0.970 
at  the  most  nonlinear  part  of  the 
cycle.  For  all  practical  purposes 
then,  the  charging  current  is  linear 
through  the  whole  cycle. 

Returning  to  the  period  of  oscilla¬ 
tion  and  putting  in  the  value  of  A, 
we  have 


r  -  -  C(«  +  +  r.)  In  - 1- 

the  In  —  E,  )/(£;,,  —  E.)  is 
a  negative  constant  so  we  can  write 
r  =  C(R  -b  /J?  +  r,)A:.  It  is  evi¬ 
dent  that  we  can  change  C  for 
coarse  frequency  selection  and  vary 
R  for  fine  frequency  control.  How¬ 
ever,  because  of  the  large  current 
feedback,  good  values  of  /t  are  not 
easily  obtainable,  hence  the  period 
cannot  be  accurately  calculated.  It 
is  also  evident  from  the  circuit  that 
synchronization  can  be  accom¬ 
plished  in  the  normal  fashion  by 
applying  synchronizing  voltage  to 
the  grid  on  the  gas  tube 

Laboratory  Sweep  Generator 

The  circuit  put  into  use  is  shown 
in  Fig.  3.  The  50,000-ohm  resistor 


S5  E.  Cay  St.,  Colwmbwt,  Ohio 
600  S.  Michigan  Ava.,  Chicago  5,  M, 


1212  Comp  $t.,  DoHos  2,  Taxot 
378  8oul«vord  N.  E.,  Atlanta,  Co. 


1215  Hormon  PI.,  Minnaopoln  3,  Minn.  4018  Croor  Av«.,  St.  lovH,  Mo. 


4214  Country  CWb  Dr.,  long  Booch  7,  CoL 
E*poft  Div.,75  Wort  St.,  Now  York  6,  HY. 
50  Yormowth  Rd.,  Toronto,  Conodo 


FIG.  3 — Complete  circuit  oi  laboratory 
sweep  generator  whose  output  is  lineot 

in  series  with  the  cathode  of  the 
6AC7  gives  a  minimum  value  of 
The  0.1-meg  rheostat  is  the  fine  fre¬ 
quency  control.  The  value  of  C  is 
changed  in  five  steps  from  0.1  /if  to 
0.0001  /if  giving  a  wide  frequency 
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Now  Know  Power  fed  to  Antenna 
while  operating 


DIRECT 
INDICATION 
OF  POWER 
AND  SWR 


GENERAL 

LABORATORY 


MODEL  60 

0.35  to  ISO  WATTS 


*  Measures  power  flowing  through  transmission  line  to 
antenna  under  wide  range  of  standing  wove  conditions 
and  antenna  impedances. 

*  Direct  reading  meter  with  4  calibrated  ranges;  0.25-5, 
5-15,  15-50  and  50-150  watts.  Meter  has  adiustable 
reference  pointer  for  noting  any  change  in  power. 

*  Precision  50  ohm  slotted  line  with  solid  dielectric,  type  N 
connectors  and  centimeter  scale. 

*  Accurate  step  type  wire  wound  controls  indicate  standing 
wove  ratio  (SWR). 

*  Model  60  is  a  complete  set  of  equipment  for  impedance 
measurements  by  slotted  line  method  (only  r.f.  power 
source  required). 


Write  for  details  .  .  . 


range.  Table  I  shows  obtainable 
ranges.  The  600-ohm  resistor  pro. 
tects  the  885  from  excessive  cur- 
rents  and  improves  the  charging  to 
discharging  time  ratio.  It  does  so 
by  developing  a  large  negative  bias 
on  the  6AC7  during  the  discharge 
of  C  through  the  885.  This  bias 
permits  the  voltage  across  C  to  drop 

Table  I — Frequency  Ranges 


Capacitance 

Frequency  range 

in  fd 

in  cps 

0.5 

40-  165 

0.1 

70-  450 

0.2 

300-  1,900 

0.005 

1,200-  7,500 

0.001 

4,000-25,000 

0.0001 

22,000-50,000 

2070  N.  FAIR  OAKS  AVENUE 


PASADENA  3,  CALIFORNIA 


more  rapidly  than  it  would  if  cur¬ 
rent  were  allowed  to  flow  from  the 
B-supply  during  discharge. 

The  fixed  bias  was  so  adjusted 
that  the  output  voltage  was  about 
10  volts.  The  generator  was  found 
to  make  possible  very  high  sweep 
frequencies  with  good  front  to  back 
trace  ratio  and  little  change  in 
amplitude  with  frequency. 

The  circuit  as  described  is  a  re¬ 
laxation  oscillator  which  generates 
a  very  linear  sweep.  However,  the 
principle  developed  can  be  used  to 
produce  high-speed  linear  sweeps 
of  low  repetition  rates  or  even 
sweeps  for  transient  observation. 
If  the  gas  triode  Vi  is  replaced  by 
a  vacuum  tube  at  zero  bias,  the 
vacuum  tube  will  short  the  capaci¬ 
tor  C.  The  sweep  is  then  generated 
only  when  a  negative  pulse  is  ap¬ 
plied  to  the  grid  of  this  vacuum 
tube  thus  cutting  it  off.  The  length 
of  the  sweep  will  be  determined  by 
the  length  of  the  pulse.  The  only 
precaution  necessary  is  that  the 
pulse  should  not  be  made  so  long 
that  the  sweep  amplitude  Et  —  Et 
will  become  large  and  make  exp  In 
(Ett  —  E,)/{Eit  —  Eo)  take  on 
values  so  much  less  than  unity  that 
the  sweep  will  become  intolerably 
nonlinear. 


Instrumentation :  State  of  the 
Art 

The  Instrument  Society,  young¬ 
est  among  those  societies  whose 
interests  touch  the  field  of  elec- 
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You  DO  NOT  have  to  accept  substitutes  for  Cardwell 
Capacitors.  Dealers  have  been  well  stocked  to  cover  a 
wide  range  of  transmitter  power  needs  and  a  large 
inventory  of  all  catalog  items  is  being  maintained  at 
the  factory  for  immediate  shipment.  If  a  particular 
Cardwell  Capacitor  is  temporarily  sold  out,  your 
dealer  can  get  it  for  you  on  short  notice. 


Cardwell  Ca{>acitors  have  been  the  "Standard  of  Com¬ 
parison"  since  the  early  days  of  electronics.  They  are 
being  used  by  all  the  leading  companies  in  the 
electronics  industry  and  by  many  progressive  smaller 
companies,  too.  When  you  need  capacitors  for  radio 
transmitters,  for  diathermy  equipment,  and  for  in¬ 
duction  heating  equipment,  the  correct  Cardwell 
Capacitor  is  ready  for  you. 


THE  ALLEN  D.  CARDWELL 

MANUFACTURING  CORP. 

MAIN  OFFICE  A  FACTORY 

^^^97  WHITING  STREET,  PLAINVILLE,  CONN. 
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tronics,  held  its  first  national 
technical  conference  and  product 
exhibit  at  Pittsburgh,  Pa.,  Sep- 
tember  16-20.  Concurrently  with 
the  conference,  the  Industrial  In¬ 
struments  and  Regulators  Division 
of  the  ASME  and  the  Physical 
Society  of  Pittsburgh  held 
meetings. 

Use  of  instruments  for  produc¬ 
tion  and  product  control  including 
material  on  computers,  gaging, 
pressure  and  vibration  metering, 
aviation  instrumentation,  and  con- 
'Trols  for  atomic  research  was 
described.  To  those  attending  the 
meeting,  several  overall  impres¬ 
sions  were  clear.  Although  this 
was  a  meeting  of  operating 
engineers,  much  of  what  was  said 
is  of  interest  to  design  engineers. 
Several  chairmen  and  speakers 
stressed  the  need  for  greater  col¬ 
laboration  between  instrument  de¬ 
signers  and  the  users.  In  fact, 
there  is  considerable  delay,  six  to 
eight  years  in  some  instances,  be¬ 
tween  the  time  the  design  of  elec¬ 
tronic  equipment  is  described  and 


MICROTORQUE  POTENTIOMETERS 


for  Remote  Recording 

Solve  remote  control  and  position  repeating  problems  by 
adapting  Microtorque  Potentiometers  to  your  particular 
needs.  Built  like  a  fine  watch,  Microtorque  Potentiometers 
convert  mechanical  movement  into  proportional  electrical 
voltages  without  causing  excessive  drag  in  sensitive  mechan¬ 
ical  measuring  systems.  A  simple  yoke  adaption  to  the  instru¬ 
ment  pointer  makes  these  tiny,  ultra-low  torque  units  ideal 
for  take-offs  from  low  torque  indicating  instruments.  Micro- 
torque  Potentiometers  may  also  be  used  as  primary  control 
elements  in  bridge  type  circuits  to  operate  directly  recorder 
controllers,  recording  galvanometers,  oscillographs,  polarized 
relays,  and  telemetering  circuits. 


One  channel  of  the  six  channeL  cothode- 
ray  oscillograph  dexeloped  at  the  Naval 
Ordnomce  Laboratory  and  described  at  the 
"Instrumentation  for  Tomorrow"  conference 
of  the  Instrument  Society  of  America.  The 
two-inch  cathode-ray  tube  is  driven  by  o 
resistance  coupled,  balanced  ampliiiei- 
Conttnuously  moving  film  records  trace 


FEATURES 


Vibration*preef  4  to  55  cycles  up  to  6  G. 
Resistance  valves  100  to  2500  etims. 
Higher  ranges  on  reqwest. 

Input  torque  less  than  .003  ez.  in. 

Power  dissipation  of  2  watts. 

Linearity  %%  or  better. 

Weight  less  than  %  ounces. 

Size  1"  *  IVs". 


the  time  the  equipment  is  used  to 
an  appreciable  extent.  Although 
evaluations  of  the  utility  of  elec¬ 
tronic  instruments  differed  from 
field  to  field,  it  was  universally 
voiced  that  what  is  needed  is  a  high 
gain,  wide  band,  d-c  amplifier  that 
is  free  from  all  forms  of  drift. 
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The  Donutron 

A  SQUIRREL-CAGE  MAGNETRON,  called 
a  donutron,  provides  a  simpler,  less 
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WHETHER  you  play  the  bagpipe  or  the  radio  .  .  .  you  want  the  music  to  sound  natural  ...  so  do 
your  customers.  Your  product  must  be  able  to  compete  for  their  ears,  eyes  and  pocketbook. 

C*D  NON*metallics  can  help  you  attain  those  ends.  OD  NON>metallics  are 
engineered  to  meet  specific  design,  production  and  performance  problems,  involving 
mechanical  and  electrical  insulating  properties. 

The  bagpipe  valve*stopped  tube  illustrated  is  an  excellent  example  of  a  C-D  product  designed  to 
meet  specific  production  and  performance  problems.  It  is  made  of  Black  Grade  XX  molded 
DILECTO  tubing.  In  addition  to  the  machining  plainly  visible,  the  inside  diameter 
of  the  tube  has  three  distinctly  different  stepped  tapers.  The  tube  must  of  course  retain  its 
dimensions  in  spite  of  moisture  conditions. 

The  ease  with  which  OD  Dilecto  can  be  machined,  its  dimensional  stability 
combined  with  its  good  electrical  insulating  properties,  its  light  weight  and  its  great  strength  make 
it  a  material  that  may  be  the  answer  to  one  or  more  of  your  ’’What  Material?”  problems. 

C-D  NON-metallics  offer  a  wide  combination  of  desirable  properties.  Booklet  GF  gives  specific 
design  and  engineering  data  on  all  of  them.  Write  for  a  copy  today. 
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Th0  Pkntics 

DILECTO — Thermosetting  Laminates. 

CELORON— A  Molded  Phenolic. 

DILECTENE— A  Pure  Resin  Plastic 
Especially  Suited  to  U-H-F  Insu¬ 
lation. 

HAVEG  —  Plastic  Chemical  Equip¬ 
ment,  Pipe,  Valves  and  Fittings. 

The  NON-Metallics 

DIAMOND  Vulcanixad  FIBRE 

VULCOID— Resin  Impregnated  Vul¬ 
canized  Fibre. 


MICABOND— Built-Up  Mica 
Electrical  Insulation. 

Stcmdard  and  Special  Form 
Available  in  Standard  Sheets, 
Rods  and  Tubes;  and  Parts 
Fabricated,  Formed  or 
Molded  to  Specifications. 

Descriptive  Literature 

Bulletin  GF  gives  Compre¬ 
hensive  Data  on  all  C-D 
Products.  Individual  Cata¬ 
logs  are  also  Available. 


BRAIICH  OFRCES 


NEW  YORK  17  • 


CLEVELAND  14  •  CHICAGO  11  •  SPARTANBURG,  S.  C.  •  SALES  OPR 

WEST  COAST  REPRESENTATIVES:  MARWOOD  LTD.,  SAN  FRANCISCO  3 
IN  CANADA:  DIAMOND  STATE  FIBRE  CO.  OF  CANADA.  LTD.,  TORONTO  B 


SALES  OFFICES  IN  PRINCIPAL  CITIES 


Established  1895 ..  Manufacturers  of  Laminated  Plastics  since  1911 — NENN  Ui  •  1JELA^^  ARE 


electronics  —  Noremfier,  1946 


201 


i 


PIONEER  MANUFACTURERS  OF  PERMANENT  MAGNET  DYNAMIC  TRANSDUCERS 


ELECTRON  ART  (contin.td) 

expensive  construction  than  cavity 
magnetrons,  is  less  subject  to  mode 
jumping,  and  operates  over  its 
tunable  range  at  a  single  anode 
voltage.  The  interleaved  finder 
construction  of  the  anode  is  shown 
in  Fig.  1. 

The  donutron  can  be  made  to 
oscillate  in  a  variety  of  modes,  how¬ 
ever  only  the  resonant  cavity  mode 


with  Powerful 


FIG.  1 — Sqnirrel<age  magnetron  is  tuned 
by  Tooying  the  distance  by  which  the  two 
sets  of  interleored  bars  orerlop  each  other 


and  the  capacitively  loaded  re¬ 
entrant  line  modes  are  currently 
important.  Further  investigation 
of  these  and  other  modes  may  in¬ 
crease  the  realizable  frequency  and 
power  output  of  the  tube.  In  the 
re-entrant  line  mode,  a  standing 
wave  forms  circumferentially  about 
the  anode.  In  this  mode,  about  50 
watts  at  45  percent  efficiency  have 
been  obtained ;  anode  current 
ranges  from  100  to  200  ma,  static 
impedance  from  700  to  1,500  ohms. 
The  tube  can  be  tuned  over  a  1.5 
to  1.0  frequency  range. 

Field  Pattern 

The  two  end  rings,  from  which 
the  fingers  of  the  squirrel-cage  ex¬ 
tend,  form  the  re-entrant  line.  The 
fingers  provide  the  capacitive  load¬ 
ing.  Thus  the  main  radio-frequency 
current  flows  in  the  rings  them¬ 
selves,  only  enough  current  flows 
in  the  fingers  to  charge  them  to 
the  potential  of  the  ring  at  their  in¬ 
dividual  points  of  attachment.  The 
wavelength  is  twice  the  electrical 
circumference  of  the  anode  ring. 

The  out-of -phase  radio-frequency 
currents  in  the  two  rings  are  ac¬ 
companied  by  magnetic  fields  that 
form  closed  loops  interlacing  the 
squirrel-cage  bars  as  shown  in  Fig. 
2.  Voltage  nodes  appear  where  the 
maximum  lines  of  magnetic  flux 
pass  between  pairs  of  teeth.  This 


^«r^ctly  matched  to  your  circuit 
^and  cobinet  requirements,  Permo- 
Dux  Speakers  will  faithfully  trans¬ 
late  the  tone  excellence  of  your 
design.  They  combine  high  sensi¬ 
tivity  with  wide  frequency  response 
and  rugged  mechanical  construc- 
4ion.  Manufactured  in  a  wide 
-  of  sizes  and  power  handling 
requirements  under  methods  assur¬ 
ing  unusual  quality  control,  Permo- 
flux  PM  and  Electrodynamic 
lipeakers  provide  the  finest  sound 
reproduction  for  every  application. 


PERMOFLUX  CORPORATION 

4900  WtST  GRAND  AVI.,  CHICAGO  39,  III, 
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The  Eye  Thai  Never  Clo 


K)U  are  looking  at  a  thermistor  — 
a  speck  of  metallic  oxide  imbedded  in 
a  glass  bead  hardly  larger  than  a  pin¬ 
head  and  mounted  in  a  vacuum.  The 
thermistor  was  developed  by  Bell  Tele¬ 
phone  Laboratories  to  keep  an  eye  on 
the  amplification  in  long-distance  tele¬ 
phone  circuits. 

When  a  thermistor  is  heated,  its 
resistance  to  electric  current  changes 
rapidly.  That  is  its  secret.  Connected 
in  the  output  of  repeater  amplifiers, 
it  heats  up  as  power  increases,  cools 
as  power  decreases.  This  change  in 
temperature  alters  the  resistance,  in 
turn  alters  the  amplification,  and  so 
maintains  the  desired  power  level. 
Current  through  the  wire  at  the  left 
provides  a  little  heat  to  comp)ensate 
for  local  temperature  changes. 

Wartime  need  brought  a  new  use 
for  this  device  which  can  detect  tem¬ 
perature  changes  of  onemillionth  of 
a  degree.  Bell  Laboratories  scientists 
produced  a  thermistor  which  could 
“see”  the  warmth  of  a  man’s  body  a 
quarter  of  a  mile  away. 

1  liermistors  are  made  by  Western 
Electric  Company,  manufacturing 
branch  of  the  Bell  System.  Funda¬ 
mental  work  on  this  tiny  device  still 
continues  as  part  of  the  Laboratories 
program  to  keep  giving  America  the 
finest  telephone  ser\ice  in  the  world. 
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distribution  was  verified  by  expjlor- 
ing  the  field  of  the  cold,  externally 
excited  tube  with  a  probe  from  a 
dummy  cathode.  When  the  tub^ 
is  being  excited  by  an  electron 
stream,  two  such  patterns  that  are 


in  seieaing  cne  rtgbt  gears  tor  the  |ob,  it  is  imponant  to 
know  how  they  will  be  used  --  the  conditions  under  which 
they  must  operate. 

Beaver  Gear  Engineers,  knowing  what  is  expected,  and 
trained  to  assist  in  details  of  fine-pitch  gear  applications, 
can  tell  you  what  will  work  best  under  various  conditions 
and  can  specify  the  correct  design. 

Beaver  modern  produaion  facilities  and  experienced  crafts¬ 
men  assure  you  of  gears  made  correctly  to  specifications. 
WriUfor  latest  bulletm  describmg  Beaver  Gear  Facilities  and  Methods. 


FIG.  2 — Because  the  magnetic  field  linki 
the  squirrel  cage,  the  sise  of  the  tub* 
shell  cavity  does  not  appreciably  afisci 
fhe  resonant  frequency 


mutually  perpendicular  are  estab¬ 
lished  in  the  radial  plane  of  the 
tube.  Were  it  not  for  unavoidable 
irregularity  of  the  tube  construc¬ 
tion,  the  two  fields  would  be  degen¬ 
erate.  Additional  overlapping 
extensions  are  added  to  further 
remove  the  one  field  from  the  other. 
(A  Tunable  Squirrel-Cage  Magne¬ 
tron  by  F.  H.  Crawford  and  M.  D. 
Hare,  Radio  Research  Laboratory 
Harvard  University,  an  unpub 
lished  report.) 


Stenotrone 

A  GAS  TUBE  having  a  stricture  m 
the  path  of  the  discharge  between 
cathode  and  anode  produces  high- 
frequency,  high-powered  oscilla¬ 
tions.  The  tube  is  called  a 
stenotrone.  The  electric  discharge 
itself,  independent  of  a  resonant 
circuit,  generates  undamped  elec¬ 
tric  oscillations.  Under  these  con¬ 
ditions  the  tube  becomes  very  hot 

Characteristics 

Frequency,  amplitude,  and  wave¬ 
shape  of  the  generated  oscillations 
are  affected  by  the  tube’s  geometry, 
type  and  density  of  the  gas,  cur¬ 
rent,  and  external  circuit.  The 
oscillation  consists  of  a  periodic 
variation  in  current,  during  which 


tSTAlUSMlO 

34rt,  STREET.  * 
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might  solve  your  problem 


Zloth  Bound  W 

MANUAL-  ■ 

^,it,  IM  »Oi>>P'‘»-  I 

Coo«»  I 

,pecioln««*  _  photo 

tracing  (PROCESSING) 

cloth  —  CLOTH  — 

CLOTH  —  ^  _  sign  cloth 
shade  cloth 
_tag  cloth. 

Ooth  «®^'’‘7‘*mpregna»ed.  coated 
^d».  WIed.  .«"P^  ^..,h  choroc- 


HOLLISTON  Special  Purpose  Fabrics  can  be  pro¬ 
duced  with  almost  any  wanted  properties:  they  can  be 
made  waterproof  and  resistant  to  certain  solvents,  acids 
and  alkalis,  or  made  to  withstand  moderately  high 
temperatures;  their  dielectric  characteristics  can  be 
tailored  to  your  requirements.  The  wide  range  of  tensile 
strength,  stiffness,  tear  strength  and  caliper  makes 
them  ideally  suited  to  a  lot  of  very  unusual  manufac¬ 
turing  and  industrial  applications.  And  new  uses  are 
constantly  being  found.  Perhaps  your  problem  is  an¬ 
other  new  use  for  a  HOLLISTON  Special  Purpose 
Fabric  —  write  our  Research  Department,  we’ll  gladly 
co-operate. 

By  filling,  impregnating  or  coating  various  fabrics 
(from  sheer  cambric  to  coarse  burlap)  with  plastics, 
resins,  starch  and  pyroxylin  we  can  produce  a  cloth 
with  almost  any  wanted  properties. 


H  O  1  L  I  S  ¥0  N 


the  HOLLISTON  MILLS,  INC.,  NORWOOD,  MASSACHUSETTS 
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FRANKLIN  FIBRE-LAMITEX  CORP. 

WILMINGTON,  DEL.  -  1§7  LAFAYETTE  ST.,  NEW  YORK  13,  N.  Y 


ELECTRON  ART 


(continual) 


FRANKLIN  LAMITEX 


the  current  may  become  zero  but 
never  reverses.  There  is  a  maxi¬ 
mum  degree  of  pulsation  for  a 
critical  vapor  pressure,  and  for 
tube  temperature.  The  greater  the 
external  resistance  or  the  supply 
potential,  the  greater  the  strength 
of  oscillations.  The  larger  the 
aperture  placed  in  the  path  of  the 
discharge,  the  higher  the  upper 
limit  to  which  the  current  swings. 
There  is  a  critical  position  between 
cathode  and  anode  for  the  aperture 
(which  is  necessarily  a  dielectric) 
at  which  weakest  oscillations  are 
produced  —  of  significance  for  de¬ 
signing  mercury  rectifiers. 

The  observed  phenomena  can  be 
explained  as  interruption  of  the 
current  in  the  arc  by  rarefaction 
of  gas  in  the  neck  of  the  discharge. 
Theory  indicates  that  the  current 
strength  that  causes  interruption 
is  proportional  to  the  product  of 
the  aperture  area  and  the  gas  pres¬ 
sure,  which  is  confirmed  by  meas¬ 
urements. 

To  utilize  the  oscillations,  a  load 
can  be  either  inductively  or  capaci- 
tively  coupled  to  the  external  cir¬ 
cuit,  inductive  coupling  being  pre¬ 
ferred.  Using  mercury  vapor  at  a 
pressure  of  about  one  millimeter 
of  mercury  and  at  a  temperature 
around  20  C,  oscillations  between  15 
and  100  kc  were  obtained.  One 
kilowatt  of  output  power  was  ob¬ 
tained  at  approximately  65-percent 
efficiency  from  a  240-volt  source. 
(The  Generation  of  High-Power 
Electric  Oscillations  by  a  Low  Pres¬ 
sure  Discharge,  by  B.  L.  Granovsky 
and  T.  A.  Suetin,  Comptes  Rendus, 
1945  No.  6,  p  410.) 


(LAMINATED  BAKELITE) 

is  so  versatile! 


Pictured  below  just  a  lew  of  the  many  thousand  various 
ports  we  at  FRANKLIN  FEBRE-LAMITEX  have  furnished 
completely  machined  to  exacting  specifications  for 
countless  uses. 


SHEETS,  RODS  and  TUBES. 
FABRICATED  OR  MOLDED  PARTS 


FRANKLIN  LAMITEX  and  VULCANIZED  FIBRE  are 
highly  machineable.  We  will  machine  parts  if  you 
lack  facilities — or  furnish  sheets,  rods,  omd  tubes.  Both 
LAMITEX  and  FRANKLIN  FIBRE  can  be  drilled,  tapped, 
turned,  threaded,  punched,  shaved,  bored,  reamed, 
sowed,  milled  or  completely  fabricated  into  automatic 
screw  machine  parts. 


Check  these  FRANKLIN  LAMITEX  characteristics 

High  dielectric  strength 
Low  power  factor 
Low  moisture  obsorption 
Remarkable  dimensional  stability 
High  mechanical  strength 
Low  co-eflicient  of  thermal  expansion 
Low  in  weight  (about  half  that  of  aluminum) 
UnafFected  by  solvents  and  oils 
UnafFected  by  most  organic  acids, 
dilute  minerol  acids  or  salt  solutions 


Cathode  Follower  of  Very 
Low  Output  Resistance 

A  POSITIVE  SQUARE  WAVE  applied  to 
the  input  of  a  conventional  cathode 
follower  has  its  leading  edge  well 
reproduced,  but  its  trailing  edge  is 
badly  distorted.  A  two-tube  circuit 
that  overcomes  this  fault  has  an 
output  impedance  of  30  ohms  at 
frequencies  up  to  30  me  and  an 
output  voltage  that  is  higher  than 
with  a  single-tube  circuit. 

Circuit  OperatUm 

To  develop  the  two-tube  circuit, 
consider  a  two-stage,  resistance- 


SEND  FOR  CATALOO  CONTAINING  COMPLETE  DATA. 
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FIXED  AND  VARIADLE  RESISTORS 


One  of  the  nation’s  largest  producers,  Stackpole  offers  a  depend¬ 
able  source  of  supply  for  both  fixed  and  variable  resistors  for  a  wide 
variety  of  applications.  Fixed  types  include  and  1-watt  insulated 
units  in  smallest  sizes  consistent  with  modern  performance  de¬ 
mands.  Variables  include  standard-size  units,  midgets,  sealed 
designs  and  numerous  special  types.  Write  today  for  Stackpole 
Electronic  Components  Catalog  RC6. 


STACKPOLE  CARBON  COMPANY 

(Electronic  Cempononts  Division) 

ST.  MARY'S,  PA. 
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FIG.  1 — By  rearranging  a  two  stage  feed¬ 
back  amplifier  (A)  the  plate  resistance  of 
the  second  tube  can  serre  os  the  cathode 
resistor  in  the  stage  of  the  first  tube  (B) 

not  to  unduly  decrease  the  gain  of 
the  second  stage.  The  cathode 
degeneration  in  the  first  stage  is 
therefore  large.  If  is  of  the 
order  of  the  plate  resistance  of  the 
tubes  employed  in  the  circuit,  one  of 
the  tubes  could  be  substituted  for 
Rk  as  at  Fig.  IB,  whicii  is  the  new 
circuit  under  discussion. 

•The  equivalent  circuit  for  that  of 
Fig.  IB  is  shown  in  Fig.  2.  Analysis 
of  this  circuit  indicates  that  the 
ratio  of  output  to  input  voltages  is 

^out  +  M  {fp/R) 


coupled  amplifier  with  100-percenl 
feedback  from  the  second  tube  to 
the  first  as  shown  in  Fig.  lA.  The 
cathode  resistor  Ru  must  be  large 


BLAW-KNOX 
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and  the  output  conductance  is 


1  ,  m(m+1) 

+  ^  irp/R)  -f  1 


When  R  is  large  compared  to  r,  the 
first  term  of  the  conductance  equa¬ 
tion  becomes  negligible  and  the 
second  term  becomes  approximately 
equal  to  the  product  of  the  amplifi¬ 
cation  factor  of  the  tube  and  the 
transconductance 

Goat  =  (m*  +  +  l)Ap 

The  value  of  output  conductance 
represents  an  improvement  over 


(m*  -1-  M  +  1)  +  (m  +  2)  (rp//J) 


Pittsburgh,  Ps. 
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the  conventional  cathode  follower 
by  the  factor  iju  However,  in  driv¬ 
ing  low  load  impedances  from  this 
circuit,  the  signal  must  be  small 
enough  not  to  overdrive  the  lower 
tube. 

Circuit  Characteristics 
The  circuit  with  the  values 
shown  in  Fig.  IB  was  examined 
at  various  frequencies  from  10  kc 
to  30  me.  The  output  approached 


Scenery! 


Of  course  in  your  pcurticulor  industry  they  may  only 
be  "mole  hills"  but  whatever  their  size  they  represent 
loss  in  manpower,  time,  money  and  material. 

To  meet  the  ever-growing  need  for  exact  materials- 
inspection  the  HYPERSONIC  ANALYZER*  was  devel¬ 
oped  to  "see  through  solids  with  sound". 

•  For  non-dastructiTO  tosting  of  solid  motorieds 

•  Dotocts  flows  and  faulty  laminations  in  metals,  plastics,  ond 
bonded  assemblies 

•  Highly  accurate— locales  internal  flaws  and  Toids 

•  Wide  frequency  range  permits  inspection  of  more  types  of  materials 

•  Reduces  production  costs  by  detection  of  foully  material  early 
in  processing 

Brush  engineers  will  be  glad  to  talk  over  your  particular 
problems.  For  complete  information  about  this  new  non¬ 
destructive  testing  investigate  the  Hypersonic  Analyzer. 

‘Trade  Mark 

Ifypersonic  Anafyzer 

a  product  of 

THE  BRUSH  DEVELOPMENT  CO. 

3405  Perkins  Avenwe  •  Clevelond  14,  Okie 


nc».  2 — EquiTolent  circuit  of  the  low  out¬ 
put  impedance  eafliode  follower 


unity  as  the  output  load  approached 
1,000  ohms.  The  output  was  essen¬ 
tially  uniform  to  about  10  me,  but 
fell  above  that  frequency,  falling 
faster  with  lower  load  resistances. 
A  pronounced  rise  in  output  (an 
actual  voltage  gain)  was  obtained 
with  a  capacitive  load  of  0.0001  /if 
at  approximately  10  me.  The  rise 
occurred  at  lower  frequencies  as 
the  capacitive  load  was  increased. 
With  0.01  /if  there  was  a  slight  rise 
at  about  800  kc  and  practically  no 
response  at  1,000  kc.  The  fidelity 
of  response  to  a  pulse  was  definitely 
superior  to  that  of  a  single-tube 
circuit  and  the  effect  on  sine  waves 
was  also  good.  (Cathode  Follower 
by  Calvin  M.  Hammack,  Report  469, 
Radiation  Lab.,  MIT,  Cambridge, 
Mass.) 


Extending  Thyratron 
Life 

Hydrogen  Cleanup  in  such  hydro¬ 
gen  thyratrons  as  the  5C22  shortens 
the  life  of  the  tube.  To  reduce  this 
loss  of  gas,  tube  parts  are  made 
from  as  pure  nickel  as  is  obtain- 
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We  need  Precious  Metal  Performance 

But  Low  Cost  too” 


''Then  the  Solution  is 
GENERAL  PLATE 
LAMINATED  METALS 


Overlay  precious 
metals,  one  side  or 
both  sides,  any 
thickness. 


Base  metal  .  .  . 
steel,  copper,  nickel, 
etc. 


Economy  .  .  .  that  is  one  of  the  many  advantages 
why  General  Plate  Laminated  Metals  should  be 
given  prime  consideration  whenever  your  designs  call  for 
precious  metal  performance. 

These  permanently  bonded  laminations  of  precious  to 
base  metal  combinations  give  you  actual  precious  metal 
performance  .  .  .  yet  their  cost  is  a  fraction  more  than 
base  metals. 

In  addition,  General  Plate  Laminated  Metals . . .  sheet, 
wire  or  tube  .  .  .  give  you  such  advantages  as  better 
workability,  better  spring  properties,  corrosion  resistance, 
better  electrical  conductivity,  long  life,  ease  of  fabrica¬ 
tion,  ease  of  soldering  and  mechanical  and  structural 
properties  not  found  in  single  solid  metals. 

Better  check  into  the  advantages  of  General  Plate  Lami¬ 
nated  metals,  today.  Our  engineers  will  gladly  help  you 
with  your  problems.  Write: 


SHEET  .  .  .  Available  with  precious 
metal  on  one  side,  both  sides  or  wholly 
covered,  inlaid  and  edge  laid  in  practi¬ 
cally  any  combination  of  precious  to 
base  metal.  Base  to  base  metal  com¬ 
binations  also  available. 


TUBE  .  .  .  Solid  precious  metal,  lined, 
or  covered  in  a  wide  range  of  diameters 
and  odd  shapes.  . 


WIRE  . . .  Shaped  ,  solder  filled,  channel, 
solder  flushed,  squares,  flats,  ovals  and 
irregular  shaped. 


GENERAL  PLATE  DIVISION 

of  Metals  &  Controls  Corporation 

ATTLEBORO,  MASSACHUSETTS 


50  Church  Straut.  New  York,  N.  Y.,  205  W.  Wackor  Drivo,  Chicago,  III.;  2635  Pago  Drivo,  Altodono,  Calif.;  Gronl  Bldg.,  Pittsburgh,  Po. 
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able.  However,  as  cleanup  proceeds, 
the  gas  pressure  is  lowered  and  the 
tube  characteristics  change. 

To  maintain  the  gas  pressure 
despite  absorption  by  nickel  part^. 
a  titanium  hydride  powder  hydro¬ 
gen  generator  was  developed.  The 
powder  is  placed  in  a  heated  cap- 


With  a  hydrogra  9«ii«rcrtlnq  copsnl*  lo¬ 
cated  inside  5C22  thyratrons.  greater  life 
and  higher  pulse  rotes  were  posdble 


KINNEY 

HIGH  VACUUM  PUMPS 

FOR  HIGH  PUMPING  SPEED  AND  LOW  ABSOLUTE  PRESSURE 

In  the  new  vacuum  coating  units  now  being  developed  by  Distillation 
Products,  Inc.,  Rochester,  N.  Y.,  two  110  cubic  foot  Kinney  pumps 
ore  used  for  rapid  pump  down  and  backing  the  Distillation  Products, 

Inc.,  diffusion  pumps.  The  illustration  also  shows  four  Kinney  Vacuum 
Tight  Valves  which  are  used  on  all  types  of  systems  where  "no  leak¬ 
age"  is  of  utmost  importance.  Everywhere ...  in  this  country  and 
abroad  .  .  .  Kinney  High  Vacuum  Pumps  meet  the  heavy  demands 
of  large  scale  process  operations » exhausting  lamps  and  tubes, 
sintering  metals,  producing  penicillin,  and  performing  countless  other 
operations  in  modern  vacuum  processing.  Kinney  Single  Stage 
Vacuum  Pumps  produce  and  maintain  low  absolute  pressures  to  10 
microns;  Compound  Vacuum  Pumps  to  0.5  micron. 


sule.  As  hydrogen  is  absorbed 
throughout  the  tube,  the  capsule 
makes  up  the  loss,  giving  satisfac¬ 
tory  thyratron  operation  for  a  life 
of  at  least  2,000  hours.  ‘In  addi¬ 
tion,  the  hydrogen  generator  en¬ 
ables  the  tube  to  be  made  of  impure 
nickel  (Hydrogen  Generator  for 
Electron  Tubes,  by  Harold  W.  Ger- 
licher,  Evans  Signal  Laboratory, 
Belmar,  N.  J. — Report  of  develop¬ 
ment,  characteristics,  and  prepara¬ 
tion  of  capsule,  and  tube  character¬ 
istics  obtained  with  its  use). 


Projection  Television 


Send  for  Bulletin  V  45. 

KINNEY  MANUFACTURING  CO. 

3NB  WASHINGTON  ST.,  BOSTON  30,  MASS. 

NEW  YORK  •.CHICAGO  •  PHILADELPHIA  •  LOS  ANGELES  •  SAN  FRANCISCO 

FOREIGN  REPReseNT AT  IVES 

Omwrcil  EnginMflng  Co.  (Rodcliffo)  Ltd.,  Station  Works,  Bury  Road,  Radcliffo,  Lancoshiro,  England 
Horrockt,  Roxburgh  Pty.,  Ltd.,  Molbourne,  C.  I.  Australia 
W.  S.  Thomas  &  Taylor  Pty.  ltd.,  Johonnosburg,  Union  of  South  Africa 

Wo  oUe  monufoctoro  liquid  Pumps,  Clutcbos  and  Bituminous  Distributers 


Television  image  projection  sys¬ 
tems  have  been  suggested  by  Man¬ 
fred  von  Ardenne  of  Berlin, 
Germany  (U.S.  Patent  2,277,008  is¬ 
sued  March  17,  1942 ;  and  U.S. 
Patent  2,297,443  issued  Sept.  29, 
1942 — ^this  patent  is  vested  in  the 
Alien  Property  Custodian,  see 
Electronics,  1946, -July,  p  306), 
and  by  Karl  Martin  and  Johannes 


212 


November,  1946  ELECTRONICS 


JENKINTOWN,  PENNA.,  BOX  CZ3  •  BRANCHES:  BOSTON  »  CHKAGO  »  DETROn  »  INDtANAPQLtS  »  ST.  LQUtS  .  SAN  FRANCISCO 


S  FOR  DRIVING 
^THESE  SCRE 


HOLLOW  g 

SET  SCREW  SHOULDER  BOLT 


SOCKET  HEAD  CAP  SCREW 


PHILLIPS 
TYPE  SCREW 


SLOHED 

SCREW 


SLOHED 

SCREW 


COUNTERSUNK 

SCREW 


UUi 


SOCKET  SCREW  KIT 


with  interchangeable  bits 


For  men  who  like  to  hove  a  complete  supply  of  tools,  yet  dislike  bulk  and  . 
confusion,  the  Hollowell  “Socket  Screw"  Kit  is  the  answer.  It  is  one  of  the 
neatest  tricks  of  the  year.  The  hollow  Celanese*  plastic  handle  holds  inter¬ 
changeable  bits  for  most  all  purposes  .  .  .  Phillips,  Hex  and  Flat.  There 
is  a  swivel  bit-chuck,  which  locks  securely  in  position,  and  makes  it  possible 
to  twirl  a  screw  using  the  vertical  position,  and  then  snapping  the  chuck 
to  an  angle  or  ell  position,  to  get  the  final  tightening  pull. 

Not  illustrated:  “Socket  Wrench"  Kit;  the  “Auto"  Kit;  the  “Home"  Kit. 
Write  for  our  8-page  booklet  that  fully  describes  these  handy  Tool  Kits. 
Obtainable  at  Suppliers  throughout  the  country. 

If  your  Supplier  does  not  carry  these  Kits,  send  his  name  to  us,  along 
with  yours,  and  you  will  be  taken  care  of  promptly. 
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Flugge,  Ratbenow,  and  Hans  Georg 
Roll  bf  Germany  (U.S.  Patent  2,- 
229,302  issued  Jan.  21, 1941).  This 
latter  patent  refers  to  lens  systems 
for  projecting  and  enlarging  phos¬ 
phorescent  images.  A  lens,  both 
surfaces  of  which  are  ground  to  the 
required  contours,  projects  the  im¬ 
age  to  a  back-surfaced  concave 
mirror,  the  front  surface  of  which 
is  also  ground.  The  mirror  focuses 
the  enlarged  image  either  directly 
or  by  a  flat  mirror  to  the  viewing 
screen. 

The  other  two  patents  cited  above 
describe  the  use  of  zinc  blend  and 
other  crystals  as  electronically  con¬ 
trolled  polarizing  gates.  When 
placed  in  a  high-potential  gradient 
and  scanned  by  an  electron  beam, 
these  high  resistance  crystals  be¬ 
come  charged  thereby  changing 
their  rotation  of  polarized  light. 
Light  is  projected  through  such  a 
gate  as  shown  in  Fig.  lA,  or  re- 
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Sturdy  construction  (os  shown  in 
the  acoompomying  diagram)  is 
but  cme  characteristic  of  Ifi-Q  Wire 
Wound  Resistors.  The  others  are 
precision  winding,  wide  range  of 
types,  sizes  and  ratings  and  quan¬ 
tity  production.  Standard  units  ore 
available  in  capacities  from  5  to 
200  watts  with  outside  dimensions 
of  5/16"  X  1"  to  1-1/8"  X  12" 
and  resistance  values  up  to 
idb.OOO  ohms.  Where  required, 
special  units  are  engineered  to 
specific  jobs. 


•  Soundly  Engineered 

•  0u2Lntit7  Produced 

•  Prompt  Deliveries 


COMPONENTS 


CERAMIC 

CAPACITORS 


TTT 

S.  I.  TYPE 
Durez  Coated 


C.  N.  TYPE 


C.  I.  TYPE 


CHOKE 

COILS 

STAND-OFF 

CONDENSERS 


FIG.  1 — Charge  placed  on  gate  by  elec¬ 
tronic  scanning  changes  the  emgular  rota¬ 
tion  of  the  polarised  fight  passing  through 
die  gate 


fleeted  from  the  crystal  as  shown  in 
Fig.  IB.  The  reflection  technique 
is  the  better  both  because  the 
light  passes  twice  through  the 
crystals  and  because  optical  and 
electrical  systems  can  be  Isolated. 

Polarized  light  produced  by  filter¬ 
ing  is  projected  on  the  charged 
crystal;  it  is  reflected,  its  plane  of 
polarization  being  altered  in  ac¬ 
cordance  with  the  electrical  charge 
produced  by  electronic  scanning. 
The  reflected  light  is  transmitted 
through  a  second  polarizing  filter 
to  obtain  the  image.  Because  the 
system  modulates  an  auxiliary  light 
source  and  possesses  image  storage, 
it  is  capable  of  producing  large, 
bright  images.  By  interrupting 
the  image  mechanically,  as  in  mo¬ 
tion  picture  projection  technique. 
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The  ''Fathometer"' — the  first  practical  application  of 
'^Sonar'^ — utilizes  the  magneto-striction  of  Nickel 

One  of  the  most  practical  uses  of  sonar  is  the  Fathometer, 
manufactured  by  the  Submarine  Signal  Co.,  Boston,  Mass. 

The  Fathometer  generates  sonic  vibrations,  throws  them  at 
the  bottom,  and  then  listens  for  their  echoes.  With  a  Fathome¬ 
ter  you  can  map  the  ocean  floor  .  .  .  locate  fish  .  .  .  safeguard 
navigation. 

Like  many  other  adaptations  of  sonar,  the  Fathometer  de¬ 
pends  upon  Nickel  to  send  and  receive  the  sonic  vibrations. 
Heart  of  each  oscillator  is  a  stack  of  thin  Nickel  plates,  laced 
together  with  a  winding  of  wire. 

HOW  THE  FATHOMETER  WORKS 

When  current  is  passed  through  these  windings,  a  fluctuating 
magnetic  field  is  created.  That’s  when  the  magnetic-strictivt 
property  of  Nickel  goes  to  work! 

For  under  the  influence  of  magnetic  force.  Nickel  contracts, 
snapping  back  to  its  original  size  only  when  the  field  goes 
dead.  By  maintaining  a  fluctuating  magnetic  field,  a  steady, 
powerful  hum  can  be  directed  to  the  ocean  floor. 

Striking  a  target,  the  sonic  waves  bounce  back  to  the 
Fathometer,  where  a  second  oscillator  (acting  as  a  receiver) 
goes  through  the  same  cycle  in  reverse  to  convert  sound  into 
electrical  impulses.  Other  components  then  time  the  lag  be¬ 
tween  transmission  and  echo,  registering  the  depth  on  an 
indicator. 

WHY  NICKEL  WAS  CHOSEN 

Nickel  is  used  in  sonar  because  it  contracts  more  than  any 
other  commercial  metal,  contracting  32  units  of  length  for 
every  1,000,000. 

Magneto-striction  is  just  one  of  the  specialized  properties 
obtainable  with  Nickel.  When  specifying  metals  for  elec¬ 
tronic  or  electrical  use  always  consider  Nickel  and  the  INCO 
Nickel  Alloys.  They  are  strong,  tough,  rustless,  corrosion- 
resistant  and  thermally  durable. 

THE  INTERNATIONAL  NICKEL  COMPANY,  INC. 

67  WALL  STftffT,  MtW  YORK  5,  N.  Y, 
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There  are  tu  o  oscillators  in  every  Fathometer, 
Opened  oscillating  unit  shows  how  the  all-im¬ 
portant  Nickel  lamination  plates  are  mounted. 
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Both  an  indicating  dial  and  recorder  can  be 
used  with  the  Fathometer.  Other  components 
inclside  an  amplifier  and  a  driver. 
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ELECTRON  ART 


(continued) 


von  Ardenne  observes,  in  U.S. 
Patent  2,276,760  issued  March  17, 
1942,  that  flicker  can  further  be  re¬ 
duced  so  that  slower  frame  rate? 
and  hence  narrower  transmisnion 
bands  can  be  used. 


era  ns 

any  specification 

Peerless  maintains  many 
specifications  on  file  — many 
already  set  up  . . .  thus  you 
de\^elopment  cost  can  oft 
through  modification  of  P 
tooling.  Call  or  write 


UHF  Measurement 

Standing  waves  are  used  to  indi- 
cate  the  impedance  match  in  high- 
frequency  circuits.  To  measure 
these  standing  waves,  a  coaxial 
transmission  line  is  formed  into  a 
circle,  slotted,  and  combined  with 
a  probe.  A  probe  is  rotated  around 
the  loop  of  line  and  at  the  same 
time  a  sweep  voltage  is  generated, 
by  an  auxiliary  circuit.  The  recti¬ 
fied  voltage  detected  by  the  probe, 
and  the  sweep  voltage  are  applied 
to  the  plates  of  a  cathode-ray  tube. 
The  tube  display  indicates  the 
standing  wave  as  a  function  of 
angular  position  along  the  line.  The 
system  can  be  used  for  continuously 
observing  the  standing  waves  on  a 
transmission  circuit  while  the  cir¬ 
cuit  is  adjusted.  (No.  2,400,597, 
granted  May  21, 1946  to  Donald  W. 
Peterson,  Radio  Corp.  of  America) . 


ATOMIC  TEST  AMPUFIEB 


The  time-tested  Par-Metal 
line  presents  superior  fea¬ 
tures  of  styling,  design,  and 
construction. True  to  policy, 
Par-Metal  continues  to 
specialize  in  Electronic 
Housings  exclusively ...  and 
is  therefore  able  to  offer 
leadership  in  value.  Com¬ 
pare!  Write  for  Catalogue. 


Signals  from  hydrophonM  on  tho  hull  oi 
the  targot  ship.  Incroosod  by  tho  Wootlng- 
houso  proomplifler  at  tho  right,  oro  trons- 
mittod  by  radio  to  a  rocordor  milot  away 
from  Oporation  Crossroad.  Ifigb-spood 
camoras  in  tho  rocordor  mako  a  pormoneni 
rocord  of  prossuro  fluctuations 
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ADDITIONS  and  CORRECTIONS 

to  the 

JUNE  1946-1947  ELECTRONICS  BUYERS'  GUIDE 

The  following  listings  are  to  be  used  in  conjunction  with  the  June 
1946-1947  ELECTRONICS  BUYERS’  GUIDE  for  information  on 
manufacturers’  names,  addresses,  and  products  omitted  or  incorrectly 
listed  in  that  issue.  Product  classification  numbers  and  names  are  the 
same  as  used  in  the  June  Guide. 


2.  AUDIO  FREQUENCY  AMPLIFIERS 

Cook  Laboratories,  139  Gordon  Blvd., 

Pi4.rW  Y 

Purst  EJectronk»,  800  W.  North  Ave., 
Chicago  22,  Illinois 

Lanpevin  Co.  Inc.,  The,  37  West  65th  St, 
New  York  23,  N.  Y. 

Rek-O-Kut  Co.,  146  Grand  St.  New  York 
13,  N,  Y. 

5.  BROADCAST  STUDIO  SPEECH  INPUT 
CONTROL  EQUIPMENT 

Lansrevin  Co.  Inc.,  The,  37  West  65th 
St,  New  York  23,  N.  Y. 

13.  FACSIMILE  COMMUNICATION 
SYSTEMS 

The  Western  Union  Telegraph  Co.,  60 
Hudson  St,  New  York  13,  N.  Y. 

20.  HEARING  AIDS 

Tayburn  Equipment  Co.,  120  Greenwich 
St,  New  York  6,  N.  Y. 

24.  MEGAPHONES.  ELECTRONIC 

Tayburn  Equipment  Co.,  120  Greenwich 
St,  New  York  6,  N.  Y. 

25.  MONITORS.  BROADCAST 

Langevin  Co.  Inc.,  The,  37  West  65th 
St.,  New  York  23,  N.  Y. 

31.  ELECTRIC  PHONOGRAPHS  and 
RECORD  PLAYERS 

Avlola  Radio  Corn.,  Phoenix.  Ariz. 

Rek-O'Kut  Co.,  146  Grand  Street,  New 
York  13,  N.  Y. 

35.  RADAR  NAVIGATIONAL  DEVICES 

Sperry  Gyroscope  Co.,  Manhattan  Bridge 
Plaza,  Brooklyn,  N.  Y. 

39.  AM  COMBINATIONS 

Avlola  Radio  Corp.,  Phoenix.  Ariz. 

42.  AM  TABLE  MODELS 

Avlola  Radio  Corp.,  Phoenix.  Ariz. 

76.  FACSIMILE  RECORDERS 

The  Western  Union  Telegraph  Co.,  60 
Hudson  St.,  New  York  13,  N.  Y. 

77.  FILM  RECORDERS 

Electronic  Chemical  Engineering  Co.,  1235 
E.  Olympic  Blvd.,  Los  Angeles  21, 
Calif. 

81.  RECORDING  AND  TRANSCRIPTION 
TURNTABLES 

Rek-O-Kut  Co.,  146  Grand  St,  New  York 
13,  N.  Y. 

84.  COMPLETE  SOUND  SYSTEMS 

Audio  Products  Co.,  2101  W.  Olive  Ave., 
Burbank,  Calif. 

90.  UJLF.  TRANSCEIVERS 

Electronic  Associates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

95.  BROADCAST  TRANSMITTERS 

Western  Electric  Co.  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 

99.  FACSIMILE  TRANSMITTERS 

The  Western  Union  Telegraph  Co.,'  60 
Hudson  St,  New  York  13,  N.  Y. 

101.  FIXED  STATION  COMMUNICA¬ 
TION  TRANSMITTERS 

Western  Electric  Co.  Inc.,  120  Broadway, 
New  York  5,  N.  Y. 


102.  FM  TRANSMITTERS 

Western  Electric  Co.  Inc.,  120  Broadway, 
New  York  5.  N.  Y. 

119.  COUNTERS 

Electronic  As.sociates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

137.  PHOTOELECTRIC  CONTROLS 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

138.  PHOTOGRAPHIC  EXPOSURE 
CONTROLS 

Electronic  Mechanical  Prods.  Co.,  13-15-17 
N.  Virginia  Ave.,  Atlantic  City,  N.  J. 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

144.  SERVO  CONTROLS 

Electronic  Associates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

145.  SMOKE  DENSITY  COMBUSTION 
and  CONTROLS 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

153.  WELDING  CONTROLS 

Raytheon  Mfg.  Co.,  Electronic  Bquip.  Dlv., 
Waltham  54,  Mass. 

174.  INDUCTION  and  DIELECTRIC 
HEATING 

Raytheon  Mfg.  Co.,  Electronic  Equip.  Div., 
Waltham  54,  Mass.  (Dielectric) 

Westlnghouse  Electric  Corp..  East  Pitts¬ 
burgh,  Pa.  (Induction  and  Dielectric) 

200.  ELAPSED  TIME  METERS  ' 

Cramer  Co.,  R.  W.,  Centerbrook,  Conn. 

207.  ELECTRONIC  MICROMETERS 

Wilmotte  Mfg.  Co.,  1713  Kalorama  Rd. 
N.W.,  Washington  9,  D.  C. 

222.  COMBUSTION  RECORDERS 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

235.  AUTOMATIC  INTERVAL  TIMERS 

Electronic  Associates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

246.  WELDING  TIMERS 

Weltronic  Co.,  19500  W.  8  Mile  Rd., 
Detroit  19,  Mich. 

274.  CAPACITOR  ANALYZERS 

Cornell  Dublller  Electric  Corp.,  1000  Ham¬ 
ilton  Blvd.,  South  Plainfield,  N.  J. 

285.  BRIDGES 

Measurements  Corp.,  Boonton.  N.  J. 

294.  CHRONOGRAPHS.  INERTIALESS 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

298.  CAPACITY  DECADE  BOXES 

Cornell  Dubilier  Electric  Corp..  1000  Ham¬ 
ilton  Blvd.,  South  Plainfield,  N.  J. 

309.  fm  signal  generators 

Measurements  Corp.,  Boonton,  N.  J. 

317.  GEIGER  COUNTER  INDICATORS 

Condenser  Products  Co.,  1369-1375  North 
Branch  St.,  Chicago  22,  Ill. 


321.  VOLUME  INDICATORS 

Audio  Products  Co.,  2101  W.  Olive  Ave., 
Burbank.  Calif. 

326.  AMMETERS 

Rek-O-Kut  Co.,  146  Grand  Street,  New 
York  13.  N.  Y. 

373.  CATHODE-RAY  INSTRUMENTS 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

392.  INSULATION  TESTERS 

Measurements  Corp.,  Boonton,  N.  J. 

401.  CURVE  TRACERS 

Wilmotte  Mfg.  Co.,  1713  Kalorama  Rd. 
N.W.,  Washington  9,  D.  C. 

447.  RAILROAD  ANTENNAE 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  A  22nd 
SL,  Toledo  1,  Ohio 

450.  TELEVISION  &  FM  ANTENNAE 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St,  Toledo  1,  Ohio 

451.  UJ1.F.  &  VJI.F.  ANTENNAE 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  A  22nd 
St,  Toledo  1,  Ohio 

463.  BEUOWS 

Cook  Electric  Co.,  2700  Southport  Ave., 
Chicago  14,  Illinois 

471.  CARBON  &  GRAPHITE  BRUSHES 

National  Carbon  Co.  Inc.,  30  East  42nd 
St.,  New  York  17,  N.  Y. 

472.  METAL-GRAPHITE  BRUSHES 

National  Carbon  Co.  Inc.,  30  Blast  42nd 
St,  New  York  17,  N.  Y. 

477.  METAL  CABINETS 

Walter  Co.,  S.,  144  Centre  Street,  Brook¬ 
lyn  31,  N.  Y. 

481.  CABLE  ASSEMBLIES 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  A  22nd 
St.,  Toledo  1,  Ohio 

494.  fixed  capacitors 

Condenser  Products  Co.,  1369-1375  North 
Branch  St,  Chicago  22.  IlL 

Cornell  Dubilier  Electric  Corp.,  1000  Ham¬ 
ilton  Blvd.,  South  Plainfield,  N.  J. 

496.  MICA  TRANSMITTING 
CAPACITORS 

Cornell  Dubilier  Electric  Corp.,  1000  Ham¬ 
ilton  Blvd.,  South  Plainfield,  N.  J. 

499.  on,  IMPREGNATED  CAPACITORS 

Condenser  Products  Co.,  1369-1375  N. 

Branch  St,  Chicago  22,  ILL 

502.  PLASTIC  DIELECTRIC 
CAPACITORS 

Condenser  Products  Co.,  1369-1376  N. 

Branch  St,  Chicago  22,  IlL 

505.  SMAU  HIGH  VOLTAGE 
CAPACITORS 

Condenser  Products  Co.,  1369-1375  N. 

Branch  St,  Chicago  22,  IlL 

Cornell  Dubilier  Electric  Corp-«  1000  Ham¬ 
ilton  Blvd.,  South  Plainfield,  N.  J. 

511.  WAX  IMPREGNATED 
CAPACITORS 

Condenser  Products  Co.,  1369-1376  N 

Branch  St,  Chicago  22,  IlL 

Cornell  Dubilier  Electric  Corp.,  1000  Ham¬ 
ilton  Blvd..  South  Plainfield.  N.  J. 


ELECTRONICS  —  November,  1946 


513.  AUTOMATIC  RECORD  CHANGERS 

Aviola  Radio  Corp.,  Phoenix.  Arlz. 

517.  ALUMINUM  CHASSIS 

Olympic  Tool  &  Mfg.  Co.,  37  Chambers 
St,  New  York  7,  N.  Y. 

Walter  Co.,  S.,  144  Centre  St,  Brooklyn 
31,  N.  Y. 

518.  AUDIO  and  POWER  CHOKES 

Langevln  Co.  Inc.,  The.,  37  W,  65th  St, 
New  York  23,  N.  Y. 

519.  FILTER  CHOKES 

Langrevin  Co.  Inc.,  The.,  37  W.  65th  St, 
New  York  23,  N.  Y. 

520.  HERMETICALLY  SEALED  CHOKES 

Airdesigm  Inc.,  241  Fairfield  Ave.,  Upper 
Darby,  Pa. 

522.  TEST  &  TUBE  CUPS  and  CLAMPS 

Fahnestock  Electric  Co.  Inc.,  46-44 
Eleventh  St,  L.  I.  City  1,  N.  Y. 

529.  MULTIPLE  WOUND  COILS 

Airdesigrn  Inc.,  241  Fairfield  Ave.,  Upper 
Darby,  Pa. 

531.  POWER  and  AJ,  COILS  and 
WINDINGS 

Burnell  &  Co.,  10-12  Van  Cortlandt  Ave. 
East,  Bronx  58,  N.  Y. 

532.  B,F.  and  I,F.  RECEIVING  or 
TRANSMITTING  COILS 

Burnell  &  Co.,  10-12  Van  Cortlandt  Ave. 
East,  Bronx  58,  N.  Y. 

538.  CABLE  CONNECTORS  and 
COUPLINGS 

Bungle  &  Co..  H.  H.,  Madison  Ave.  &  22nd 
St,  Toledo  1,  Ohio 

540.  CERAMIC  CABLE  CONNECTORS 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St,  Toledo  1,  Ohio 

541.  COAXIAL  CABLE  CONNECTORS 

Buggrie  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St.,  Toledo  1,  Ohio 

543.  RECEPTACLE  CONNECTORS 

Buggle  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St,  Toledo  1,  Ohio 

572.  IF  FILTER  CRYSTALS 

Bliley  Electric  Co.,  Erie,  Pa. 

576.  QUARTZ  CRYSTAL  ULTRASONIC 

Bliley  Electric  Co.,  Erie,  Pa. 

577.  RECEIVER  CONTROL  CRYSTALS 

Bliley  Electric  Co.,  Erie,  Pa. 

579.’  SUPERSONIC  CRYSTALS 

Biiley  Electric  Co.,  Erie,  Pa. 

599.  BAND  PASS  FILTERS 

Electronic  Associates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

602.  EQUALIZER  FILTERS 

Burnell  &  Co.,  10-12  Van  Cortlandt  Ave. 
East,  Bronx  58,  N.  Y. 

609.  con.  FORMS 

Buggle  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St.,  Toledo  1,  Ohio 

621.  WIRE  HARNESSES 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St.,  Toledo  1,  Ohio 

622.  HEADPHONES  and  HEADSETS 

Tayburn  Equipment  Co.,  120  Greenwich 
St.,  New  York  6,  N.  Y. 

623.  HEADS,  RECORDING 

Rek-O-Kut  Co.,  146  Grand  St,  New  York 
13.  N.  Y. 

633.  SPEAKER  PROJECTOR  HORNS 

Langevin  Co.  Inc.,  The,  37  West  65th  St, 
New  York  23,  N.  Y. 

637.  PUBUC  ADDRESS  SYSTEM 
HOUSINGS 

Langevin  Co.  Inc.,  The,  37  West  66th  St, 
New  York  23,  N.  Y. 

650.  INSULATING  FOIL 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  A  22nd 
St.,  Toledo  1,  Ohio 


654.  MOLDED  INSULATION  PARTS 

Buggle  &  Co.,  H.  H.,  Madison  Ave.  A  22nd 
St.,  Toledo  1,  Ohio 

655.  PLASTIC  INSULATION  PARTS 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  A  22nd 
St,  Toledo  1,  Ohio 

707.  LUGS  and  TERMINALS 

Patton-MacGuyer  Co.,  17  Virginia  Ave., 
Providence  5,  R.  I. 

716.  METAL  STAMPINGS,  SmoU 

Olympic  Tool  &  Mfg.  Co.,  37  Chambers  St, 
New  York  7,  N.  Y. 

Walter  Co.,  S.,  144  Centre  St.,  Brooklyn 
31,  N.  Y. 

724.  MICROWAVE  TRANSMISSION 
LINES  and  ACCESSORIES 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St,  Toledo  1,  Ohio 

726.  FRACTIONAL  H.P.  MOTORS 

Alni  Corp.,  10  E.  52nd  Street,  New  York 
22,  N.  Y. 

729.  SERVO  MOTORS 

Transicoil  Corp.,  114  Worth  St,  New 
York,  N.  Y. 

731.  TIMING  MOTORS 

Cramer  Co.,  R.  W.,  Centerbrook,  Conn. 

751.  PANELS 

I.angevin  Co.  Inc.,  The,  37  West  65th  St, 
New  York  23,  N.  Y. 

Walter  Co.,  S.,  144  Centre  Street  Brooklyn 
31,  N.  Y. 

754.  FACSIMILE  RECORDING  PAPERS 

The  Western  Union  Telegraph  Co.,  80 
Hudson  St,  New  York  13,  N.  Y. 

755.  INDUSTRIAL  PICKUPS 

Rek-O-Kut  Co.,  146  Grand  St,  New  York 
13,  N.  Y. 

758.  TRANSCRIPTION  and 

PHONOGRAPH  PICKUPS 

Rek-O-Kut  Co.,  146  Grand  St,  New  York 
13,  N.  Y. 

761.  PLUGS  and  JACKS 

Buggie  &  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St,  Toledo  1,  Ohio 

764.  POSTS.  BINDING 

Fahnestock  Electric  Co.  Inc.,  46-44 
Eleventh  St,  Long  Island  City  1,  N.  Y. 

765.  POWER  SUPPLIES 

Audio  Products  Co.,  2101  W.  Olive  Ave., 
Burbank,  Calif. 

Electronic  Associates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

766.  ELECTRONICAUY  REGULATED 
POWER  SUPPLIES 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

768.  VOLTAGE  REGULATED  POWER 
SUPPLIES 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

771.  RACKS.  RELAY 

Audio  Products  Co.,  2101  W.  Olive  Ave.. 
Burbank,  Calif. 

777.  VOLTAGE  REGULATORS  and 
STABILIZERS 

Audio  Products  Co.,  2101  W.  Olive  Ave,, 
Burbank,  Calif. 

Furst  Electronics,  800  W.  North  Ave., 
Chicago  22,  Illinois 

785.  GENERAL  PURPOSE  RELAYS 

Adams  &  Westlake,  Michigan  St,  Elkhart 
Indiana 

787.  INDUSTRIAL  CONTROL  RELAYS 

Adams  &  Westlake,  Michigan  St,  Elkhart 
Indiana 

789.  KEYING  and  BREAK-IN  RELAYS 

Buggie  A  Co.,  H.  H.,  Madison  Ave.  A  22nd 
St,  Toledo  1.  Ohio 

802.  SNAP  ACTION  RELAYS 

Adams  &  Westlake,  Michigan  St,  Elkhart 
Indiana 


804.  TELEPHONE  RELAYS 

Adams  &  Westlake,  Michigan  St,  Elkhart 
Indiana 

806.  time  delay  relays 

Electronic  Associates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

807.  TRANSFER  RELAYS 

Adams  A  Westlake,  Michigan  St,  Elkhart 
Indiana 

817.  POTENTIOMETERS  and 
RHEOSTATS 

Electronic  A.ssociates  Inc.,  61  Brighton 
Ave.,  Long  Branch,  N.  J. 

818.  WIRE  WOUND  RESISTORS 

Audio  Products  Co.,  2101  W.  Olive  Ave., 
Burbank,  Calif. 

829.  HERMETIC  SEALS 

Buggie  A  Co.,  H.  H.,  Madison  Ave.  &  22nd 
St,  Toledo  1,  Ohio 

Hermetic  Seal  Products  Co..  414  Morris 
Ave.,  Newark  3,  N.  J. 

849.  SOLENOIDS 

Alni  Corp.,  10  E.  52nd  St,  New  York  22, 
N.  Y. 

852.  SPRINGS 

Instrument  Specialties  Co.  Inc.,  254  Ber¬ 
gen  Blvd.,  Little  Falls,  N.  J. 


PRODUCTS  INCORRECTLY  USTED 

The  following  firms  hors  advised  us  that 

the  products  which  ore  listed  below  art 

not  manufactured  by  them. 

230.  STROBOSCOPES 

Audio  Products  Co.,  2101  W.  Olive  Ave., 
Burbank,  Calif. 

308.  A.F.  SIGNAL  GENERATORS 

Measurements  Corp.,  Boonton,  N.  J. 

463.  BELLOWS 

Technographics  Inc.,  1457  W,  Diversity 
Blvd.,  Chicago  14,  Ill. 

551.  RADIO  REMOTE  CONTROLS 

Langevin  Co.  Inc.,  The,  37  West  66th  St, 
New  York  23,  N.  Y. 

774.  TUBE  RECTIFYING  UNITS 

Electrons  Inc.,  127  Sussex  Ave.,  Newark, 
N.  J. 

912.  RF  and  IF  TRANSFORMERS 

Airdesign  Inc.,  241  Fairfield  Ave.,  Upper 
Darby,  Pa. 

NAME  and  ADDRESS 
CDRRECTIDN  or  CHANGE 

Biddle  Co.,  Jas.  Q.,  1816  Arch  St,  PhUa- 
delphia  7,  Pa. 

Communication  Products  Co.  Inc.,  Key- 
port,  N.  J. 

Fairchild  Camera  A  Instrument  Corp., 
88-06  Van  Wyck  Blvd.,  Jamaica  1, 
N.  Y. 

Franklin  Airloop  Corp.,  43-20  34th  St, 
Long  Island  City,  N.  Y. 

Franklin  Mfg.  Corp.,  A.  W..  43-20  34th 
St,  Long  Isdand  City,  N.  Y. 

Gulow  Corp.,  62  William  St.  New  York 
6,  N.  Y. 

Hardwick,  Hindle  Inc.,  40  Hermon  St, 
Newark,  N.  J. 

Instrument  Resistors  Co.,  1036  Commerce 
Ave.,  Union,  N.  J. 

Kay  Electric  Co.,  47  North  Grove  St, 
Blast  Orange,  N.  J. 

King  Laboratories,  Inc.,  127  Solar  St, 
Syracuse  4,  N.  Y. 

Robinson  Aviation  Inc.,  Teterboro  Air 
Terminal,  Teterboro,  N.  J. 

Schweitzer  Paper  Co.,  182  Cornelison  Ave., 
Jersey  City,  N.  J. 

Trefz  Mfg.  Co.,  511  East  164th  St,  New 
York  56.  N.  Y. 

United  States  Television  Mfg.  Corp.,  8 
West  61  St  St,  New  York  23,  N.  Y. 

Weltronic  Co.,  19500  West  8  Mile  Rd., 
Detroit  19,  Mich. 

Westinghouse  Electric  Corp..  EHectronic 
Tube  Sales  Dept,  Bloomfield.  N.  J. 

White  l>ental  Mfg.  Co..  S.  S.,  Industrial 
Dlv.,  10  E.  40th  St,  New  York  16, 
N.  Y. 

ADDITIONAL  CORRECTIONS  WILL 
APPEAR  IN  THE  DECEMBER  ISSUE 
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The  Superior  Tube  Company,  Electronics  Division^ 
has  spared  nothing  in  its  effort  to  bring  to  the 
Radio  Tube  industry,  through  its  highly  specialized  facilities,  metal 
tubing  in  the  form  of  cathodes,  anode  and  grid  cylinders,  and  all  types  of 
fabricated  tubular  parts.  These  products,  used  in  all  types  of  electron  tubes,  are  the 
metallurgical  and  physical  counterparts  of  your  electronic  expectations.  •  Material  control 
standards,  otherwise  unattainable,  are  now  realities.  Superior's  Electronics  Laboratory 
has  made  possible  far-reaching  research  and  development  of  electronic  tubing, 
through  the  study  of  materials,  processes  and  controls.  •  Whatever  your 

requirements  in  metal  tubing  for  electron  tubes,  bring  your  problems  to  us. 

The  Engineering  Staff  of  Superior  Electronics  Division  will  welcome  ^ 
your  inquiries  and  the  privilege  ^ 


of  working  with  you. 


SUPERIOR  TUBE  COMPANY 
ELECTRONICS  DIVISION 
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NEW  PRODUCTS 


New  apparatus,  packaged  units,  and  compo¬ 
nent  parts  are  described.  Services,  catalogs, 
and  manufacturers^  publications  are  reviewed 


Noise  Suppressor  (1) 

Technology  Instrument  Corp., 
1058  Main  St,  Waltham  54,  Mass. 
The  new  type  910-A  Dynamic  Noise 
Suppressor  has  been  particularly 
designed  for  broadcast  station  use. 
It  allows  the  playing  of  shellac  and 
vinyl  recordings,  subject  to  the 
limits  of  their  dynamic  range,  on 
the  same  program  with  high-qual¬ 
ity  transcriptions  without  the  un¬ 
favorable  comparison  occasioned  by 
the  usual  high  background  noise. 
An  instantaneous  gate  circuit  oper¬ 
ates  to  let  through  musical  passages 
with  practically  no  impairment,  but 
substantially  eliminates  noise.  The 
equipment  can  also  be  used  for  such 
purposes  as  the  presentation  of 
shortwave  rebroadcasts  in  which 
noise  is  often  the  limiting  factor. 
Engineered  for  broadcast  use,  the 
equipment  illustrated  is  arranged 


Z-15DP4  television  tube  has  a  black 
and  white  screen  15  inches  in  diam¬ 
eter.  Focus  and  deflection  are  mag¬ 
netic.  A  feature  of  the  new  tube  is 
its  short  overall  length  (about  20 
inches).  The  face  plate  is  substan¬ 
tially  flat  to  provide  a  large  useful 
screen  surface.  Typical  operation 


is  13  feet  high,  with  a  diameter  of 
19  inches,  and  weighs  350  pounds. 
Each  end  is  provided  with  a  flange 
for  mounting  on  a  base,  display  of 
a  beacon  at  the  top,  or  addition  of 
another  element.  Radiation  is  hori¬ 
zontally  polarized. 


includes  anode  voltage  of  8,000  to 
10,000  volts;  grid  no.  2,  250  volts; 
grid  no.  1,  minus  45  volts;  and 
focusing  coil  current  between  88 
and  116  milliamperes. 


for  quick  operation  or  removal  and 
standard  monitoring  procedures. 
Maximum  suppression  of  high-fre¬ 
quency  noise  is  20  db  and  for  low- 
frequency  noise,  15  db. 


Television  Tube 
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~  You  con  get  efficient,  economical  protection 
against  moisture  for  higher  temperature  installations 


»f.h  LUMARITH 
FILM  INSULATION 


CELLULOSE 

ACETATE 


Lumarith  film  is  a  moisture  resistant  thermoplastic  with 
comparatively  high  heat  resistance.  In  combination  with 
heat  insulating  layers,  it  will  give  an  insulation  resistant 
both  to  heat  and  moisture. 


Investigate  the  electrical  possibilities  of  all  Lumarith 
plastic  materials:  films,  sheets,  rods,  tubes  and  molding 
materials.  They  may  help  cut  down  production  time 
and  cost.  Write  for  booklet  entitled,  “Celanese  Syn¬ 
thetics  for  the  Electrical  Industry”.  Celanese  Plastics 
Corporation,  a  division  of  Celanese  Corporation  of 
America,  180  Madison  Avenue,  New  York  16,  N.  Y. 

*R«K.  U.  8.  Pat.  Off. 
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amplifiers  have  a  uniform  frequency 
response  from  2  cycles  to  100  kilo-- 
cycles  and  the  horizontal  amplifiers 
have  a  •  uniform  response  from  1' 
cycle  to  30  kilocycles.  Each  of  the 
three  channels  is  equipped  with  a 
marker  generator,  and  various 
switching  and  interconnection 
means  are  provided  to  make  the  use 
of  the  equipment  as  flexible  as 
possible.  -  - 


Coaxial  Termination  (S) 

Bird  Electronic  Corp.,  1800  East* 
38th  St.,  Cleveland  14,  Ohio.-  The 

Termaline  Model  81  coaxial  resistor  * 

• 

is  designed  to  dissipate  up  to  50 
watts  of  r-f  power  with  a  low  volt¬ 
age  standing  wave  ratio.'  It  con-- 
sists  essentially  of  a  coaxial  resistor 
immersed  in  a  liquid  coolant.  It 
can  be  used  as  an  impedance  stand¬ 


ard,  non-reactive  termination, 
dummy  antenna  and  for  the  meas¬ 
urement  of  standing  wave  ratios. 


10  and  1,000,000  cycles.  Input  im¬ 
pedance  is  1  megohm  shunted  by  15 
micromicrofarads.  The  equipment 
is  stable  at  a  gain  of  20  or  40  db. 


Low-Frequency  Q-Meter  (7) 

Freed  Transformer  Co.,  Inc.,  72 
Spring  St.,  New  York,  N.  Y.  The 
No.  1030  Q-meter  contains  an  audio¬ 
frequency  oscillator,  precision  tun¬ 
ing  capacitor,  power  amplifier  and 
two  vacuum-tube  voltmeters.  Oscil¬ 
lator  frequency  range  is  continu¬ 


ously  variable  from  50  cycles  to 
50,000  cycles  in  four  ranges.  Accu¬ 
racy  of  the  Q  measurement  is  ap¬ 
proximately  6  percent. 


Wide-Band  Amplifier  (6) 

Hewlett-Packard  Co.,  Palo  Alto, 
Calif.  The  type  450A  amplifier  has 
been  designed  for  general  purpose 
or  laboratory  use  with  frequency 
response  flat  within  0.5  db  between 


Permeability  Tuners  (8) 

Electronic  Laboratories,  Inc., 
Indianapolis,  Ind.  The  E-L  Vario- 
Tuner  is  a  new  permeability-type 
broadcast  tuner  consisting  of  r-f 
and  oscillator  sections  covering  the 
frequency  range  540  to  1,620  kilo¬ 
cycles.  The  unit  is  manufactured 
particularly  for  experimenters  and  i 
schools  desiring  to  build  a  6-tube 
receiver. 


Medium-Ppwer  Speaker  (9) 

Altec  Lansing  Corp.,  250  West 
57th  St.,  New  York  19,  N.  Y.  The 
model  600  Dia-Cone  speaker  is  an¬ 


other  in  the  line  of  dual  speakers 
designed  for  good  fidelity  in  home 
reception  and  reproduction.  This 
model  has  a  power  rating  of  18 
watts  and  a  3-inch  voice  coil  with 
an  impedance  of  10  ohms.  Weight 
of  the  unit  is  12  pounds. 


Circuit  Tester  (10) 

Robson-Kurgess  Co.,  Omaha,  Neb. 
The  Meg-Lite  is  essentially  a  con¬ 
tinuity  tester  consisting  of  a  115- 


volt  a-c  or  d-c  line,  a  neon  lamp, 
series  resistor  and  switch,  and  a 
pair  of  leads.  It  is  conveniently 
packaged  for  continuity  testing  and 
sells  for  about  $5. 


Air-Cooled  Amplifier  (11) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  type  GL-5518  air-cooled 
transmitting  tube  has  been  de¬ 
signed  for  use  in  grounded-grid 
circuits.  A  pair  of  the  tubes  in  an 
experimental  transmitter  operating 
at  108  megacycles  showed  a  useful 
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PRODUCERS  OF  "PACKAGED  ENERGY 


SPECIALISTS  IN  PERMANENT  MAGNETS  SINCE  1910 


t  VALPARAISO,  INDIANA 

'  STAMFORD,  CONN.  (C I N  AU  D  AGR  A  P  M  DIV.) 


6  NORTH  MICHIGAN  AVENUE  *  CHICAGO  "I,  ILL 


PLANTS 


With  the  recent  expansion  of  plant  facilities  at  both  the 
Valparaiso  and  Stamford  plants,  The  Indiana  Steel 
Products  Company  has  materially  increased  the  total 
production  of  sintered  Alnico  magnets  in  the  United 
States. 

Sintered  magnets  fulfill  a  special  need  where  lightness  of 
weight  and  compactness  of  design  are  clesirable. 
Although  they  are  considerably  less  expensive  than  cast 
magnets  only  in  sizes  less  than  1  /20  lb.,  sintered  magnets 
are  also  desirable  in  sizes  where  special  shapes  are  diffi¬ 
cult  to  cast.  The  sintering  process  in  quantity  production 
makes  Alnico  permanent  magnets  available  for  many 
uses  which  were  not  previously  economically  possible. 

The  Indiana  Steel  Products  Company  is  well  equipped 
for  the  production  of  sintered  magnets  of  almost  any 
standard  shape  from  its  available  stock  of  dies  without 
die  charge.  Because  of  die  cost  requirements  in  the 
production  of  sintered  magnets  of  special  design,  a 
special  charge  is  made.  We  invite  those  interested  in  the 
application  of  sintered  magnets  to  consult  our  engineer¬ 
ing  department. 

More  than  24,000  applications  of  permanent  magnets 
have  been  made  by  The  Indiana  Steel  Products  Company, 
the  world’s  largest  sole  manufacturer  of  "Packaged 
Energy".  Our  engineers  invite  you  to  consult  with  them 
on  any  magnet  problem.  For  complete  information 
write  for  our  free  "Permanent  Magnet  Manual". 


©  1944  Th«  ladluw  Steal  Product*  Compunj 
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low  power  factor  and  machines 
readily,  making  it  suitable  for  coil 
forms  and  insulators  used  at  ultra- 
high  frequencies. 


Electronic  Timer  (14) 

General  Control  Co.,  1200  Sol¬ 
diers  Field  Road,  Boston  34,  Mass. 
Promatic  timers  provide  full  auto¬ 
matic  or  semiautomatic  control  of 
industrial  or  radio  equipment.  Used 


when  the  amplifier  unit  is  locked 
into  place  by  one  or  two  levers.  A 
family  of  amplifiers  used  in  various 
broadcast  station  functions  is  avail¬ 
able  in  the  proper  dimensions  for 
the  new  mounting.  Six  preampli¬ 
fier  chassis  units,  for  instance,  fit 
on  a  single  shelf. 


output  of  12.9  kilowatts  with  a  d-c 
plate  voltage  of  6,000  volts.  Full 
ratings  apply  up  to  110  megacycles. 
In  typical  operation,  driving  power 
per  tube  is  1,400  watts. 


Dual  Electronic  Heater  (16) 

Induction  Heating  Corp.,  389  La¬ 
fayette  St.,  New  York  3,  N.  Y.  The 
Ther-Monic  M-285C  electronic  heat¬ 
ing  generator  is  a  single  dual- 


High-Speed  Motor  (12) 

John  Oster  Mfg.  Co.,  Racine,  Wis. 
The  type  EU-450  series-wound 
motor  operates  with  a  speed  of 
4,000  to  8,000  rpm  at  a  power  of 


in  pairs  or  combinations  they  can 
control  a  number  of  operations  in  a 
predetermined  sequence  with  either 
self  or  manual  recycling.  Five  tim¬ 
ing  periods,  depending  upon  the 
value  of  fixed  capacitor  plugged 
into  the  circuit,  are  available  from 
h  to  60  seconds.  The  unit  can  also 
be  modified  for  use  as  a  sensitive 
control  relay. 


1/16  hp.  Utilizing  either  a-c  or 
d-c,  the  motor  can  be  used  for  a 
tube-cooling  blower  or  in  similar 
applications. 


New  Plastic  (13) 

General  Electric  Co.,  Pittsfield, 
Mass.  A  new  plastic  material 
known  as  Textolite  1422  possesses  a 
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FAQS  .  .  .  SPECIFICATIONS  .  .  .  RECOMMENDATIONS 

From  the  latest  American  Standards  Specifications  right  on  through 
to  whot  to  use  and  where.  That*s  how  complete  this  new  Diamond 
G  Lock  Washer  booklet  is.  On  the  right  are  shown  some  of  the  pages 
from  this  new  book.  In  addition  there  are  many  other  facts  that 
every  design  engineer,  production  manager,  purchasing  agent  and 
other  executive  should  have  at  his  finger  tips  when  buying  or 
specifying  lock  washers  or  other  fastening  devices. 

This  book  is  just  part  of  the  complete  service  the  Diamond  G  man 
has  to  offer  you.  He  is  ready  to  help'you  with  data  and  engineering 
advice  .  .  ,  plus  supplying  you  with  a  complete  line  of  flat  and 
lock  washers— from  No.  0  to  2'  in  all  materials  and  finishes. 

For  quick  deliveries,  high  quality  and  product  satisfaction 
j  write,  wire  or  phone . . .  « - 


GEORGE  K.  GARRETT  CO.,  INC 

1421  CHESTNUT  STIEET,  rNllHDElPNI*  2,  N. 
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been  designed  primarily  as  a  class 
A  and  class  ABx  audio-frequency 
amplifier  and  modulator.  Typical 
potentials  encountered  in  using  the 


tube  as  a  class  A  amplifier  are:  d-c 
plate,  1,500  volts ;  peak  a-f  grid,  150 
volts;  power  output,  55  watts. 


Multiple  Counter  ( 18 ) 

Potter  Instrument  Co.,  136-56 
Roosevelt  Ave.,  Flushing,  N.  Y.  The 
Model  69-3  multiple  counter  con¬ 
sists  of  five  dual  counters  in  combi- 


CUAMANCt  SAACI 
fOA  MOVING  coil 


potf  Pitas 

1.  MAGNETS  OF  AINICO,  the  most  stable  magnetic  material  ovcdloble.  ore  used  in 
all  DC  instruments. 

2.  LARGE  CLEARANCES,  between  core,  moving  coil,  and  magnet  pole  pieces  assures 
freedom  of  movement  by  eliminating  sticking  due  to  moving  element  rubbing  on 
adlocent  parts. 

3.  JEWEL  SUPPORTS  ore  machined  and  ossembled  with  aid  of  precision  gauging  fix¬ 
tures  to  maintain  perfect  alignment. 

4.  CONTROL  SPRINGS  ore  fabricated  from  the  highest  quality  phosphor  bronse. 

5.  CERAMIC  POINTER  STOPS  ore  used  to  prevent  damoge  to  the  ^pointer  due  to 
accidental  application  of  sudden  overloads. 

6.  BALANCE  WEIGHTS  of  helical  type  phosphor  bronze  ore  used  to  balance  the 
moving  element,  so  formed  os  to  eliminate  idipping  or  shifting. 

7.  MAGNETIC  SHUNT  is  standard  equipment  on  each  DC  instrument,  insuring  unifonn 
damping  characteristics. 

AU  ronges  AC  and  DC  ore  availcd>le  in  21^",  ZVi",  41^"  sizes,  both  rectangular 

round  cose  styles.  Inquiries  for  complete  Information  and  engineering  service  ore 

sdidted. 


nation  so  that  rates  as  high  as 
12,000  a  minute  may  be  determined. 
Such  a  device  can  "be  used  for 
counting  radiation  particles,  small 


BURLINGTON  INSTRUMENT  COMPANY 

113  Pourtb  S*r*«l  •  BUBIINOTON,  IOWA 


HanmhM.  f»4<  —  ELECTRONICS 


I 

To  avoid  damage 
from  Oxidation . . . 


protect  with  MTROGE^ 


LINDE  has  offices  in 
Principal  Cities 


LINDE  Nitrogen  provides  an  ideal  means  of  protection 
against  oxidation  and  corrosion  by  air.  For  packaging 
dehydrated  foods;  for  deaerating,  processing,  storing 
and  packaging  fats  and  oils  of  all  kinds;  or  for  pro* 
viding  an  inert  atmosphere,  free  of  impurities,  for  the 
complete  protection  of  practically  any  material  sus* 
ceptible  to  oxidation,  use  Linde  Nitrogen. 

LINDE  Nitrogen  is  99.7%  pure,  but  is  also  available 
bone  dry  and  at  higher  purity  for  special  applica¬ 
tions.  It  is  supplied  as  a  compressed  gas  in  cylinders 
containing  224  cu.  ft.  each,  or  in  bulk  in  tank-truck 
and  tank-car  lots  as  a  liquid  which  is  converted  into 
gaseous  nitrogen  as  required.  Linde  Nitrogen  in  bulk 
offers  remarkable  savings  in  cost  and  eliminates  cyl- 
inder  handling. 

Write  or  call  the  Linde  office  nearest  you, 

I  The  Linde  Air  Products  Company 

m  Unit  of  Union  Carbide  and  Carbon  Corporation 

■  rTRi 

B  30  E.  42nd  St.,  New  York  17,  N.Y.  •  Offices  in  Other  Principal  Cities 

B  The  w.irda  "Linde**  and  "Preat-0*Lite"  are  registered  trade>marka. 


HYDROGEN  •  NITROGEN  •  OXYGEN 
ARGON  •  HELIUM  ■  KRYPTON  •  NEON 


XENON 


ACETYLENE 


Eastern  States 

Baltimore,  Md. 

Boston,  Mass. 

Buffalo,  N.  Y. 
Charleston,  W.  Va. 

New  York,  N.  Y. 
Philadelphia,  Pa. 
Pittsburgh,  Pa. 

Central  States 

Chicago,  Ill.. 

Cincinnati,  Ohio 
Cleveland,  Ohio 
Detroit,  Mich. 
Indianapolis,  Ind. 
Milwaukee,  Wis. 
Minneapolis,  Minn. 

St.  Louis,  Mo. 

Southern  States 

Atlanta,  Ga. 
Birmingham,  Ala. 
Jacksonville,  Fla. 
Memphis,  Tenn. 

New  Orleans,  La. 

Southwestern  States 

Dallas,  Texas 
Denver,  Colo. 

Houston,  Texas 
Kansas  City,  Mo. 
Tulsa,  Okla. 

Western  States 

Butte,  Mont. 

El  Paso.  'IVxas 
Los  Angeles.  Calif. 
Ph<H*nix,  Ariz. 
Portland,  Ore. 

Salt  Lake  City,  Utah 
Sun  Francisco,  Calif. 
.Seattle,  Wash. 
.S|Ntkane,  Wash. 
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NEW  PRODUCTS 
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i  articles  like  pills  and  buttons  or  the 
totalizing  of  variable  quantities 
I  from  several  independent  channels. 


Tube  Voltmeter  (19) 

Televiso  Products  Co.,  7466  Irvinjr 
Park  Road,  Chicajfo  34,  Ill.  The 
Series  200 A  vacuum-tube  voltmeter 
uses  a  0.5-v()lt  full  scale  meter  that 
allows  accurate  readings  as  low  as 
100,000  microvolts.  The  input  tube 
is  a  plate  circuit  rectifier  type  that 


indicates  rms  values,  rather  than 
the  usual  diode  type  whose  input 
admittance  varies  with  frequency. 
Careful  voltage  regulation  makes 
the  circuit  feasible.  In  addition,  a 
source  of  5  volts  rms  plus  or  minus 
2  percent  is  furnished  for  calibra¬ 
tion. 


Tubing  makes 
Radio  Waves  TURN  CORNERS... 


This  American  Seamless  Flexible 
Wave  Guide  is  made  from  thin-wall 
rectangular  metallic  tube . . .  can  be  ex¬ 
tended,  compressed  or  bent  in  two 
planes  to  small  radii  and  withstands  a 
large  number  of  flexures  of  moderate 
amplitude. 

Other  widely  used  American  Flexi¬ 
ble  Wave  Guides  are  the  "Vertebra” 
type,  consisting  of  a  series  of  choke- 
plate  wafers  inserted  in  a  . 

synthetic  rubber  jacket, 
and  the  "Moldlock”  type, 
made  of  spirally  wound 
strip  with  fully  interlocked 
joints,  with  (or  without)  a 
synthetic  jacket. 


These  high  precision  units  mate  elec¬ 
trically  and  mechanically  with  the 
standard  sizes  of  rigid  guide  for  opera¬ 
tion  at  wave  lengths  from  20  to  less 
than  3  Cm. 

We  will  be  glad  to  assist  in  selecting 
the  wave  guide  best  suited  to  the  spe¬ 
cific  requirements  of  your  installation. 
Write  for  our  "Electronics  Data  Book!’ 


e^fte^ea0c 

METAL  HOSE 


THE  AMERICAN  BRASS  COMPANY 
American  Metal  Hose  Broach 

General  Offices:  Waterbary  88,  Conn. 
Subsidiary  of  Artaconda  Copper  Mining  Company 


Ferromagnetic  Analyzer (20) 

Allen  B.  Du  Mont  Laboratories, 
Inc.,  Passaic,  N.  J.  The  Ferro- 
graph  provides  a  simple  means  for 
relatively  unskilled  personnel  to 
identify  or  compare  ferrous  mate¬ 
rials  at  a  rapid  rate.  The  basic 
principle  of  operation  is  the  har¬ 
monic  analysis  of  the  induced  volt¬ 
age  in  the  secondary  of  a  test 
transformer  in  which  the  sample 
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cathode  resistor.  Under 
this  condition  the 
effective 


tunc.  SOL  LAMP  WORKS  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  •  New  York 
Also  Manufacturers  of  Miniature  Incandescent  Lamps,  All-Class  Sealed  Beam  Headlight  Lamps  and  Current  I ntermittors 
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JUST  OFF 
THE  PRESS/ 


Contains  Latest  Available 
Information  on 


TIMING  MOTORS 


NEW  MOOUCTS 


(centlnu«d) 


is  made  the  core.  Amplitude  and 
phase  angles  of  the  fundamental 
and  third  harmonic  components  are 
usually  sufficient  indication  for 
identification.  A  cathode-ray  tube 
is  used  for  direct  display  of  the 
phenomena.  The  complete  testing 
equipment  weighs  115  pounds. 


Strain  Gage  Amplifier  (21) 

G.  C.  Wilson  &  Co.,  2  N.  Passaic 
Ave.,  Chatham,  N.  J.  A  new  ampli¬ 
fier  designed  for  vibration  studies 


Engineers,  designers — send  for  your  jree  copy 
of  this  valuable  new  guide,  today.  HAYDON*S 
1947  Catalog  is  a  storehouse  of  information  and 
specifications  of  timing  motors  for  every  con¬ 
ceivable  application.  And  it*s  all  been  revised — 
many  new  items!  Every  motor  pictured  .  .  • 
complete  operational  data  and  blueprint  sketches 
shown  .  .  .  informative  section  on  new  special, 
and  optional  features.  Up-to-date  items  include 
AC  timing  motors  and  gear  units,  shift  units, 
brake  units,  friction  units,  elapsed  time  indica¬ 
tors,  fixed  interval  repeat  cycle  timers,  fixed  in¬ 
terval  automatic  reset  timers  and  many  others. 
Made  in  handy  8*/^"  x  H"  size  to  fit  your  files 
conveniently.  Be  sure  to  add  this  late  edition  to 
your  files. 

1/  you  plan  to  use  timers  now  or.  in  the 
future,  youHl  find  HAYDON^S  1947  Cata¬ 
log  one  of  your  handiest  references. 


provides  amplification  of  25,000  be¬ 
tween  1  and  30  cycles.  Designed  to 
couple  directly  to  the  plates  of  a 
cathode-ray  oscilloscope,  the  unit 
includes  its  own  regulated  power 
supply. 


Audible  Signal  Tracer  (22) 

Electronic  Instrument  Co.,  Inc., 
926  Clarkson  Ave.,  Brooklyn  3,  N. 
Y.  The  Model  113  Electron  Tracer 


TIMING  ENGINEEHING  SERVICE 


CHECK,  CUP,  AND 
MAIL  COUPON  NOW 


HAYDON  Manufacturing  Company,  Inc. 

Dept.  E 

Forcstville,  Connecticut 

Please  send  me  HAYDON*S  new  1^47  Catalog, 


Name 


Address 
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THE 


for  eonneeting"  1 

SOUD  I 

stoanoso  ww  \ 

,  ioNlWH/^tlOHS  > 

i  ***  COMOU®*®**  V. 

I  Mt  sous«»'»>  I 

1  The  new  A^A  y^ire— ®**'*^®*  .  term'ino'  i 

\  rr.:“»-r::;r«:::v »“  - 


AIRGRAFT-MARINEPRODUmiiw. 

1521-53  NORTH  FOORTR  STREET.  HRRRISBHRS.  fIL 

In  Canada:  P.  MANLEY  CO..  12  Ad«Uid«  StrMt  E.,  Toronto,  Out. 
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UAKER  CITY  GEAR  WORKS,  INC 

1918  NORTH  FRONT  ST. 
PHILADELPHIA  22,  PENNA. 


NEW  PRODUCTS 


(continued) 


is  a  complete  electronic  volt-ohni> 
meter  operating  from  socket  power. 
It  is  also  equipped  with  an  audio 
amplifier  and  loudspeaker  for  aud¬ 
ible  signal  tracing  through  the 
various  stages  of  a  receiver. 


Heavy-Duty  Relay  (23) 

Signal  Engineering  &  Mfg.  Co., 
154  West  14th  St.,  New  York  11, 
N.  Y.  A  new  heavy-duty  relay  with 
double-pole,  single-throw  contact.^ 
will  break  60  amperes  at  115  volts 
a-c  or  24  volts  d-c.  A  double-break 


feature  of  the  contact  mechanism 
eliminates  pigtail  connections.  Coils 
can  be  supplied  to  operate  at  volt¬ 
ages  up  to  230  volts,  a-c  or  d-c. 
Typical  power  consumption  of  the 
c.  ils  is  less  than  3.5  watts  on  d-c, 
8  watts  on  a-c. 


Helical  Potentiometer  (24) 

Van  Dyke  Instruments,  P.  O.  Box 
H06,  Tarzana,  Calif.  The  small  size 
and  weight  of  a  new  helical  poten¬ 
tiometer  make  it  useful  for  aircraft 
instrumentation  and  electronic  cal- 


1944  ^electronics 


MADE  TO  RIGID  SPECIFICATIONS 


Every  one  of  the  tungsten  and  molybdenum 
products  supplied  by  North  American  PhUips 
is  backed  by  the  knowledge  of  processes  and 
techniques  developed  by  an  organization  with 
a  background  of  over  half  a  century  in  the  elec¬ 
trical  field.  Every  piece  of  material  is  controlled 
to  your  most  rigid  specifications. 

We  can  supply  you  with  most  of  the  tungsten 
and  molybdenum  products  you  need — in  rod, 
bar,  wire,  sheet  or  powder  form. 


When  you  want  tungsten  or  molybdenum — 
write,  wire  or  telephone  North  American  Philips. 
And  remember,  the  services  of  our  application 
engineers  are  alw  ays  at  your  disposal,  their  years 
of  specialized  experience  are  yours  on  call. 

Products  of  North  American  Philips  include: 
other  fine  wires,  diamond  dies,  quartz  oscilla¬ 
tor  plates,  radio  and  television  components, 
cathode  ray  tubes,  industrial  and  medical 
x-ray  equipment,  tubes  and  accessories. 


Dept.S-11.  100  East  42ncl  Street,  New  York  17,  N.  Y 
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FOR  SALE 


PLANCOR  2189 

PUNXSUTAWNEY,  PENNA. 

This  plancor  was  erected  in  1944  for  producing 
cylindrical  carbon  electrodes  (up  to  size  used 
in  the  construction  of  d^  cell  batteries. 

It  is  reasonable  to  believe  that  this  plant  repre¬ 
sents  the  most  modem  of  its  type,  and  could  be  a 
low  unit  cost  producer  of  electrodes  with  near  ca¬ 
pacity  production.  The  output  would  vary  between 
45  and  60  million  electrodes  a  month,  depending 
upon  their  size. 

With  certmn  additions  and  changes  in  this  facil¬ 
ity,  it  is  quite  possible  that  other  carbon  products 
could  be  produced — such  as  brushes  for  motors, 
contacts  for  electrical  switch  gear,  electronic  tube 
anodes,  carbon  discs,  molds  for  casting,  etc. 

This  plancor  consists  of  land,  building,  machinery 
and  equipment  briefly  descril^  as  fcmows: 

LAND:  Approximately  10^  acres. 

BIIADINGS:  Finishing  Building — 122'  x  233'.  One  story. 
Structural  steel  framing.  Sidewalls  of  concrete 
block  and  continuous  st^l  sash.  Precast  gypsum 
roof  slabs,  built-up  roofing.  Area  28,600  sq.  ft. 
Furnace  Building — 12'  x  233'.  One  story,  with 
two  supported  floors  at  one  end.  Structural  steel 
framing.  Corrugated  siding  with  continuous 
sidewall  sash.  Corrugated  asbestos  roof.  Freight 
elevator  to  support^  floors.  Total  area  34,060 
sq.  ft. 

Boiler  House — 40'  x  40'.  One  story.  Cinder  block 
waUs.  Gypsum  plank  roof. 

MACHINERY  ond  EQUIPMENT:  Production  ^uipment, 
machine  tools,  laboratory  and  testing  equip¬ 
ment,  furniture  and  fixtures.  These  include  car¬ 
bon  fiunaces,  grinders  and  accessories,  extrusion 
presses,  mixers,  rotary  dryers,  cutting  tables, 
etc. — drill  presses,  lathe,  shaper,  milling  mach¬ 
ine,  etc. — micrometers,  testing  sieves,  i^tinum 
crucible,  etc. — lockers,  office  furniture,  calcu¬ 
lator,  etc. 

The  furnace  building  has  two,  3-ton  girder  cranes 
and  there  are  four  hoists — of  1,  2  and  33^  ton 
capacities. 

Complete  utilities,  includir^  natural  gas,  are  sup- 
lo<^  companies.  The 


plied  by  local  companies.  There  are  sidings  from 
the  B  &  O  R.  R.  on  the  site.  And  the  community 
provides  an  excellent  labor  market. 

CREDIT  TBtMS  for  the  purchase  of  this  property  mav 
be  suranged.  And  ii  you  can  qualify  as  a  small 
business  concern  you  may  obtain  high  priority  for  its 
purchase  through  the  Reconstruction  Finance  Cor¬ 
poration. 

Information  contained  herein  is  not  intended  for 
use  as  a  basis  for  negotiation.  The  War  Assets  Ad¬ 
ministration  reserves  the  right  to  reject  any  or  all 
IMX>po6a]s. 


Ill 


COVIRNMINT 


SURPLUS  PLANTS 


For  detailed  information  about  this  offering  of  Government- 
owned  surplus  property,  address: 

War  Assets  Admihistration 


Office  of  Real  Property  Disposol 
1740  East  12th  Street 
Cleveland,  Ohio 


NEW  PRODUCTS 


(contInuAd) 


dilators  where  space  is  at  a  pre¬ 
mium.  Five-  and  ten-turn  units  are 
available  from  stock,  but  other 
special  types  are  available  on  order. 
The  diameter  of  the  potentiometer 
is  1  inch,  the  length  Varying  with 
number  of  turns  but  usually  not 
exceeding  about  33  inches. 


Flat  Midget  Capacitors  (25) 

Cornell-Dubilier  Electric  Corp., 
South  Plainfield,  N.  J.  A  new  line 
of  flat  midget  capacitors,  type  ZN, 
is  now  available  for  pocket  radio, 
hearing  aid  or  similar  use.  The 
units  are  noninductively  wound 


with  Kraft  paper  and  impregnated. 
Leads  are  securely  anchored  and 
the  end-fill  compound  is  not  melted 
by  a  hot  soldering  iron.  Capacitance 
values  range  from  0.001  to  0.1 
microfarad  in  d-c  rated  voltages 
from  150  to  600  volts. 


Gas-Free  Metals 


(26) 


National  Research  Corp.,  100 
Brookline  Ave.,  Boston  16,  Mass. 
Quantities  of  gas-free  metals  in 
melts  up  to  several  hundred  pounds 
are  now  available  for  high-vacuum 
work  and  allied  techniques.  A’  par¬ 
tial  list  of  metals  already  used  in 
the  field  of  vacuum  metallurgy  in¬ 
cludes  copper,  nickel,  iron,  chro¬ 
mium,  manganese  and  lithium. 


Flash  Tube 


742 


(27) 


Hytron  Radio  and  Electronics 
Corp.,  Salem,  Mass.  The  HD72  flash 
tube  operates  from  the  discharge 
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Y ORK  credits  Phillips  Screws 


^Faster  driving  cuts  assembly  time  and  costs 
in  shift  to  mass  production” 


—  REPORTS  INVESTIGATOR  from  James  O.  Peck  Co.,  industrial 
research  authorities  who  are  studying  assembly  methods  in 
leading  plants.  At  York  Corp.  he  got  information  valuable  to 
mass  producers.  Highlights  follow: 


“Phillips  Screws  were  a  big  help  in  work¬ 
ing  out  methods  of  large  scale  production 
of  the  Yorkaire  Room  Conditioner,”  the 
plant  superintendent  of  the  York  Corp. 
told  the  James  O.  Peck  Co.  investigator. 
“To  get  production  we  knew  we’d  have  to 
use  self-tapping  screws  and  p>ower  drivers 
on  our  sheet  metal  assemblies,  but  that  got 
us  into  a  lot  of  trouble  with  slotted  screws. 

“The  Phillips  Recessed  Head  Was  a  Natu¬ 
ral  for  Power  Drivers  and  Self-tapping 
Screws.  No  trouble  locating  screws  or 
keeping  bits  in  the  screw  head.  No  dam¬ 
aged  panels  or  other  handicaps  that  slow 
down  production.  Since  we  adopted  the 
Phillips  Head  in  ’37  it’s  been  standard  on 
all  sheet  metal  assemblies. 


Wood  Screws  •  Machine  Screws 


Phillips  Screw  Mfrs.,  c/o  Norton-Noyes  10 

2300  Industrial  Trust  Udg.,  Providence,  R.  I. 

Send  me  reports  on  Assembly  Savings  with  Phillips  Screws. 

Naate . . . . . 

Company . . . 

Address . 


Pswtuekst  Srrcw  Cs. 

PhMil  Masiifscturlai  Ct. 

Rsadiiii  Screw  Co. 

Ruwell  Burtitall  &  Ward 
Bolt  a  Nut  Co. 

Srovill  Manufacturinf  Co. 
S''akesroof  lac. 

Tho  Souttilattnn  Hardware  Mtf.  Co. 
The  Steel  Censaay  ef  Caaada,  Ltd. 
Sterilac  Belt  Co. 

Welveriae  Belt  Censaay 


Anwi«M  Screw  Ce. 
Atlaatlc  Screw  Werkt 
Attas  Belt  4  Screw  Ce. 
C^atral  Serev  Ce. 
Ckaadlar  Preductt  Cory. 
Ceatiaeotal  Screw  Ce. 
CerWa  Screw  Die.  ef 
Anericaa  Hdva.  Cer*. 
^  H.  M.  Harter  Ce. 
■nteraatleeal  Serew  Ce. 
A  Seeeleai  Ce. 


Maaiifacturers  Screw  Predarts 
Milford  Rivet  aad  Machlae  Ce. 
Natleaal  Leek  Ce. 

Natieaal  Serew  4  Mft.  Ce. 
New  Eaalaad  Screw  Ce. 
Parker* Kalea  Certeratloa 
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NEW  PRODUCTS 


(cofltinu«d) 


SO'lkPilRi 


of  a  capacitor  through  a  glass  coil 
containing  xenon  gas.  Anode  poten¬ 
tial  can  be  varied  between  5,000 
and  3,000  volts.  The  flash  exceeds 
12  million  peak  lumens  in  intensity. 
The  resultant  light  simulates  that 
of  the  sun,  making  the  device  useful 
for  color  photography. 


Speed  Nut  (28) 

Tinnerman  Products,  Inc.,  2106 
Fulton  Road,  Cleveland  13,  Ohio.  A 
new  line  of  heat-treated  spring  steel 


The  exacting  requirements  of  the  Radio  and 
Electronic  Industries  demand  solders  and  fluxes 
of  the  highest  quality.  Solder  bonds  must  be  de¬ 
pendable  and  permanent— especially  where  ex¬ 
treme  changes  in  conditions  occur,  or  in  dose  as¬ 
sembly  work. 

The  outstanding  quality  of  Glaser  Solders  and 
Fluxes  is  the  result  of  scientific  research  extending 
over  more  than  two  decades. 

Glaser  Plastic  Rosin  Core  Solders  are  standard 
with  leading  manufacturers  of  capacitors,  resistors, 
transformers,  relays  etc.  T6  insure  your  product 
against  short  life  and  poor  performance  use  Glaser 
Plastic  Rosin  Core  Solder,  the  "Quality  Solder"  of 
time-proven  dependability. 

L«f  ffc«  of  fcorflaf  B^cfroate  oad  todl*  T«cRiilcioiit 

ymm  la  mtaUmg  Wosar  Saldart  sad  Rtacaa  FOUR  ctalca. 


speed  nuts  is  available  in  sizes  to 
fit  the  ten  most  popular  sheet  metal 
and  machine  screws.  The  C7000 
series  take  less  room  and  cost  less 
than  the  conventional  threaded  nut 
and  lock  washer. 


Gleser  Rosie  Coro 
Solders  oxcood  gov- 
oroment  spoeiRea- 
tioMs  io  parity,  end 
ore  goorootood  to 
moot  A.S.T.M.  Class 
A  spoelRcatioas  for 
solder. 


Synchroscope  (  29 ) 

Sylvania  Electric  Products,  Inc., 
500  Fifth  Ave.,  New  York  18,  N.  Y. 
A  synchroscope  designed  for  the 
visual  examination  of  the  fine  struc¬ 
ture  of  periodic  waveforms  en¬ 
countered  in  television,  pulse  time 


GLASIR  PRODUCTS  INCIUDI:  SHvar  Srodag  Sddar  ood  Ptn; 
Naxas  for  avary  parooaa;  Laod  Pradacfs  at  ivary  Daacriptiaa; 
Laod  Uaiag  of  acid  oad  plotiag  foaks. 

ConwH  our  tuglutorlug  Doparfmont 
oa  roar  SoMoriug  oad  r/ux  prob/aao. 

GLASER  LEAD  CO..  INC. 

31  Wyckaff  Avaaaa  Ireoklya  27.  N.  T. 
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co** 


1.3  /8  X  3-1  n 


aXMf^ 


,2s°e 


From  600  to 


30,000  Volt* 


Modem  functionoUv  detiffned  capacitors.  Meta\ 
ferrules  ars  soldered  to  silver  hands  fused  to  each 
end  of  hsavy-ufaUed  glass  tubes.  This  vacuum  tight 
assembly  is  funffus-proof  and  passes  Signal  Corps, 
Air  Corps  and  Navy  thermal  cycle  and  immersion 
tests. 


/4fi^fUcC<XtcOdUi 


•  For  low  and  medium  power  coupling  and  bypass 
circuits  where  mica  capacitors  have  previously 
been  required 

•  Television  and  Oscilloscope  Circuits 

•  Vibrator  Buffer  and  Arc  Elimination 

•  Geiger  Counter  and  Instrument  Capacitors 


*  PLASTICONS:  PlaitU^fUm  DMttrit  Copoclfort 


Writ*  for  illustrot*d  liforatur*  l•crturillg  our 
comploto  lino  oi  Glonsmiko  Copocifoiu. 


Order  from  your  jobber:  If  he  cannot  supply  you,  order  direct 

Condenser  Produeis  C^mpani^ 

1375  NORTH  BRANCH  STREET  •  CHICAGO  32,  IlLINOIS 
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NEW  PRODUCTS  (continutd) 

modulation,  sonic  depth  finders, 
geophysical  exploration  and  loran 
equipments  has  recently  been  an¬ 
nounced.  Included  is  a  5-inch  cath¬ 
ode-ray  oscilloscope,  trigger  gen¬ 
erator  and  adjustable  time  delay 
circuits.  Sweep  speeds  up  to  5 
inches  a  microsecond  are  possible 
with  the  sweep  triggered  by  either 
positive  or  negative  pulses.  Inter¬ 
nal  trigger  outputs  of  500,  1,000, 
2,000  and  5,000  pulses  per  second 
are  available. 


Portable  Sound  Systerii  (30) 

Newcomb  Audio  Products  Co.. 
2815  S.  Hill  St.,  Los  Angeles  7, 
Calif.  A  new  portable  sound  system 
contained  in  three  carrying  case.s 


Protecting  costly  laboratory  apparatus  from  over¬ 
voltages,  speeding  up  assembly  line  testing  or 
applied  to  any  of  your  regulation  problems,  the 
SORENSEN  Regulator  can  be  counted  on  to  do  the 
job  with  precision  and  accuracy. 

Write  for  more  information. 

Arrange  for  a  demonstration  today. 


A  LINE  OF  STANDARD  REGULATORS  FOR  LOAD  RANGES  UP  TO  5000  V.A. 
SPECIAL  UNITS  DESIGNED  TO  FIT  YOUR  UNUSUAL  APPLICATIONS. 


uses  a  30-watt  amplifier  and  two 
12-inch  speakers.  Weight  of  the 
Model  KX-30R12A  equipment  is  147 
pounds. 


Subniiiiiature  Socket  (31) 


Instrument  Specialties  Co.,  Inc., 
Little  Falls,  N.  J.  A  somewhat  un- 
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SORENSEN  Regulators  straighten  out  weaving  in¬ 
put  voltages.  IPs  done  the  electronic  way... with¬ 
out  moving  a  muscle.  No  moving  parts  assure  you 
of  quick  response,  low  maintenance  and  longer 
life. 


Im4  limit  700-7000  V.i 
laiirt  ffnimicy  lm|t  SO-70  tycltt 
hiiH  Vtkoit  75-17$ 

0irt|«t  VtOait  115-170  (AdjwtaUt) 
Itiitmt  Timt— i  mitt  mti. 


Stondardizinq  the  inloosters 
24  Hours  a  Day  lUithout  Burning  a  Slice... 


»*•»'* 


Put  FLEXIBILITY  into  ELECTRONIC  DESIGN 


When  you  make  a  circuit  diagram,  you  put  vari¬ 
able  elements  where  you  want  them  to  simplify 
the  design.  You  can  gain  the  same  "flexibility" 
when  you  design  the  actual  equipment.  Here's 
how — 

DO  IT  WITH  S.S.WHITE 
FLEXIBLE  SHAFTS 

When  you  couple  variable  elements  to  their 
controls  with  S.S.WhIte  Remote  Control  Flexi¬ 
ble  Shafts  you  have  complete  freedom  In 
locating  the  elements  where  they  best  satisfy 
assembly,  wiring  and  servicing  requirements — 
and  at  the  same  time  you  have  equal  freedom 
in  placing  the  control  dials  for  convenient 
operation  and  harmonious  appearance.  For 
details — 


WRITE  FOR  BULLETIN  4501 

It  gives  essential  tacts  and  engineering  data 
about  flexible  shafts  and  their  application. 
Copy  mailed  on  request. 


tiwHm 


THE  S.  S.  WHITE  DENTAL  MFG.  CO. 


INDUSTRIAL 


DIVISION 


DIPT.  I.  10  EAST  AOth  ST..  NEW  YORK  16.  N.  T.. 
fuxiBii  sNAm  •  nixiiii  SNArr  toois  •  AiictArt  Accfssotiit 

SMAU  CttTTINO  AND  MINOINO  tOOiS  •  SABClAi  fOIMUlA  lUMIIt 

MOiDfo  Msmoas  •  fusnc  SHcuATm  #  courtAo  nAsno  mmomo 


Ottco^  AmtfUcM  AAAA  *ltuUM6Uat 
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HIGH  VACUUM  TECHNICIANS  •  CONSULTING  ENGINEERS 


NEW  PRODUCTS 


usual  socket  is  now  available  for 
subminiature  tubes  having  coplanar 
leads  spaced  0.050  inch  or  more. 
The  contacts,  illustrated,  are 
formed  in  an  open  U  section  then 
wedged  into  a  square  hole  in  a  sup¬ 
porting  insulating  sheet.  Tube 
wires  or  miniature  prongs  pass 
through  a  hole  and  are  seized  on  the 
other  side  by  the  spring  metal.  Con¬ 
necting  wires  are  soldered  to  the 
projections  on  the  other  side  of  the 
supporting  insulator. 


mgn  vmsuum 

RECORD  AND  CONTROl  WITH 


TWO  NEW  VACUUM  GAUGES  ARE  NOW  AVAILABLE. 

FOR  COMPLETE  SPECIFICATIONS.  WRITE  FOR  BULLETIN  E-10T 

•  No  OutgaHsinff  of  Cange* 

PO  Stable  Calibration 

•  No  Electrical  Leakage 
•  Interchangeable  Gauges 
O  Ganges  Guaranteed  1000  Hour* 

O  Can  Not  Burn  Out  Due  to  Accident* 

•  Dual  Range:  0  to  500/i— — 0  to  0*4/i 
•  Adapuble  to  All  High  Vacuum 
Processes 

•  Extremely  Simple  to  Operate 

O  Accurate,  Continuous  Record  Tells  the 
Whole  Story — Permanently 

MODEL  S  TELEYAC  FOR  ACCURATE  RECORDS  DOWN  TO 

.001  MICRON  (10-^  mm  MERCURY] 


Regulated  D-C 

Power  Supplies  (32) 

Sorensen  and  Co.,  Inc.,  375  Fair- 
field  Ave.,  Stamford,  Conn.  Regu¬ 
lated  d-c  power  is  available  at  either 
6  or  12  volts  in  current  ratings 
between  5  and  15  amperes.  Oper¬ 
ating  from  conventional  a-c  power 
lines,  these  regulators  maintain 
their  d-c  output  with  an  accuracy 
of  plus  or  minus  0.5  percent. 


Dynamic  Tube  Analyzer  (33) 

Weston  Electrical  Instrument 
CoRP.,  617  Frelinghuysen  Ave., 
Newark  5,  N.  J.  The  Model  686 
vacuum  tube  analyzer  tests  tubes 
under  dynamic  operating  condi¬ 
tions.  A  large  meter  indicates 
mutual  conductance  'in  ranges  of 
3,000,  6,000,  and  15,000  micromhos. 
A  socket  panel  provides  access  to 


MODEL  MR  TELEYAC  FOR  ACCURATE  RECORDS  DOWN  TO 

1  MICRON 

•  Constant  Calibration 

Interchangeable  Ganges 

•  No  Batteries — Uses  115YA.C. 

•  Range:  0-500  Microns 

#  Adapatable  to  Automatic  Exhaust 

Machines  _ 

•  Can  Operate  Auxiliary  Relays 
Pre-determined  Pressure* 

Moiwfocfsrsrs  of  SeioafHIc  Gfostwor*  oad  Proeitios  Insframonfs  for  Ovor  10  Ymart 


Y ^  M 

f 
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Today  WILCO  CONTACTS  keep  the  power  flowing  in  vital  industrial  appli¬ 
cations  through  their  built-in  capacity  for  precision  performance  and  longer 
service  life.  WILCO  CONTACTS  function  dependably  in  frequency  oper¬ 
ations  of  every  range  by  bringing  to  each  operation  requisite  ductility, 
hardness,  density,  freedom  from  sticking,  low  metal  transfer,  high  con¬ 
ductivity  and  arc-resistance. 

You  likewise  can  depend  on  WILCO  CONTACTS  to  keep  the  power  flowing 
in  your  products,  because  exclusive  patented  WILCO  processes  assure 
unequalled  qualities.  WILCO  engineers  will  gladly  help  you  select  from  a 
great  variety  of  available  WILCO  contact  materials  the  particular  con¬ 
tacts  suited  to  your  needs — or  develop  new  alloys  for  special  purposes. 

THE  H.  A.  WILSON  COMPANY 

105  Chestnut  Street,  Newark  5,  N.  J.  e  Branch  Offkas:  Chicago,  Detroit,  Los  Angeles,  Providence 

SKCMLISTS  FOR  30  TERRS  IN  THE  MRNUFRCTURE  OF  THERMOMETRIS  •  aECTRICRl  CONTACTS 
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WILCO  PRODUCTS  INCLUDE: 

CONTACTS 

Silver  -  Platinum  -  Tungsten  -  Alloys 
Sintered  Powder  Metal 

THERMOSTATIC  BIMETAL 

All  temperature  ranges,  deflection 
rates  and  electrical  resistivities. 

SILVER  CLAD  STEEL 
JACKETED  WIRE 

Silver  on  Steel,  Copper,  Invar  or 
other  combinations  requested. 

ROLLED  GOLD  PLATE  AND  WIRE 
SPECIAL  ALLOYS 
NI-SPAN  C* 

New  Constant  Modulus  Alloy 

•  Reg.  Tnde  Mark.  Tha  Intamatioiial  Nickel  Co..  Inc. 


PRECIOUS  METAL  BIMETALLIC  PRODUCTS 


THE  VITAL  LINK  IN  EVERY  INDUSTRY... 


ELECTRONIC  REGULATED 
POWER  SUPPLIES 


NEW  PRODUCTS  (conttnu,d) 

each  tube  element  and  patch  cords 
are  used  to  set  up  circuits  for  the 
study  of  any  tube.  Plate,  grid  and 
other  element  potentials  as  well  as 
signal  voltages  are  provided  in  the 
analyzer. 


Plastic  Elec troly tics  (34) 

Solar  Mfg.  Corp.,  285  Madison 
Ave.,  New  York  17,  N.  Y.  Type  DS, 
DT  and  DH  dry  electrolytic  capac¬ 
itors  are  now  being  wrapped  in  a 


plastic  film  instead  of  Kraft  paper 
liners  before  insertion  in  the  card¬ 
board  housing.  The  film  has  been 
chosen  to  withstand  the  high  pot¬ 
ting  temperatures  and  is  said  to 
increase  the  life  of  the  capacitors 
materially. 


Graphic  Sketch  Pad  (35) 

Jiffy  Sales  Co.,  1879  East  37th  St., 
Cleveland  14,  Ohio.  A  pad  of  plain 
paper  perforated  for  easy  removal 
can  be  backed  by  one  of  three  scales 
printed  on  cardboard  fiaps.  Iso¬ 
metric,  one-inch  and  tenths,  or  one- 


SpeciUcatiotts: 

Input:  115  V.  50-60  cycle. 

Regulation:  Less  than  l/IO  volt  change  in  output  voltage  with  change  of  from 
85  to  145  V.A.C.  input  voltage  and  from  NO  LOAD  to  FULL  LC5aD  (over 
very  wide  latitude  at  center  of  variable  range.) 

Ripple:  Less  than  5  millivolts  at  all  loads  and  voltages. 

Fits  any  standard  19"  rack  or  cabinet. 

TYPE  A:  Variable  from  210  to  335  V.D.C.  at  400  M.A. 

TYPE  B:  Variable  from  535  to  915  V.D.C.  at  125  M.A. 

Designed  by  one  of  the  foremost  electronic  communication  laboratories  in  the  coun¬ 
try;  constructed  by  its  equally  noted  associate  company;  and  built  for  the  U.  S. 
Army  as  Power  Supply  RA-57-A  to  be  used  in  conjunction  with  the  microwave 
RADAR  set  SCR  547.  Equipment  was  never  used  and  was  obtained  in  their  original 
packing  crates. 

Adapted  to  civilian  use  by  mounting  on  I2|A"  x  19"  panel,  black  crackle  finish, 
and  installing  milliammeters,  voltmeters,  fuses,  switches,  pilot  lights,  terminals, 
power  cords,  and  all  other  necessary  auxiliary  items. 

Construction  Features: 

Weston  Model  301  (or  equal)  Milliammeter  and  Voltmeter. 

Separate  switches,  pilot  lights,  and  fuses  for  FILAMENT  AND  PLATE  VOLTS. 
All  tubes  located  on  shockmount  assemblies.  ' 

Fuses  mounted  on  front  panel  and  easily  accessible. 

Can  vary  voltage  by  turning  small  knob  located  on  front  of  panel. 

Can  easily  modify  unit  from  positive  to  negative  output  voltage  by  changing 
two  leads. 

All  individual  components  numbered  to  correspond  with  numbers  on  wiring 
diagram. 

Rigid  Construction:  Individual  components  were  designed  to  withstand  the 
most  severe  military  conditions — both  physical  and  electrical — and  were 
greatly  under-rated. 

Tube  complement.  Type  A:  2-836;  6-6L6;  2-6SF5;  I-VRI50;  I-VRI05 
Type  B:  2-836;  2-6L6;  2-6SF5;  I-VRI50;  I-VRI05 
Overall  dimensions:  19"  wide,  12V4"  high.  11"  deep. 

Net  weight:  80  pounds.  Shipping  weight:  95  pounds. 

Some  of  the  current  users  of  these  power  supplies  include  nationally  known  electronic 
and  communications  measurement  laboratories;  aircraft,  metallurgical  and  chemical 
research  labs;  technical  schools;  commercial  radio,  F.M.  and  television  stations; 
amateurs;  civilian  RADAR  installations;  etc. 

All  units  checked  and  inspected  at  150%  rated  load  before  shipment, 

NET  PRICE:  Type  A:  $175.00;  Type  8:  $168.00  F.O.B.  Baltimore 

Prices  subject  to  change  without  notice 

NATIONAL  RADIO  SERVICE  CO. 


Reisterstown  Rd.  A  Cold  Spring  Lone 


Boltimore  15,  Md. 


IMMEDIATE 

DELIVERY 


242 
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Here  are  its  characteristics. 
How  can  it  fit  your  needs? 


nVTURES:^ 

:  sealed/  contaas 
losed  and  protected 
lift  and  corrosion  . . 

erating  life  .  .  . 
i  in  any  position/ 

Operation/  both 
d  contacts^perat^ 

urtHHiiNu  ■% 

CHARACTERISTICS: 

•  CONTACT  RATING-6  amps,  at  450 
volts  AC  or  DC  (maximum). 

%  HEATER  INPUT— 5  watts  nominal  con- 
tinuous  excitation  at  up  to  1 50  volts  . 
AC/DC. 

•  DELAY  PERIOD  — 5  seconds  to  8  min>  . 
utes/  preset  at  factory. 

•  CONTACTS— s.p.s.t.;  normally  open 
or  normally  closed.  | 

•  DIMENSIONS -IV4''  dia.  x  3^/4'' 
height  (seated). 

•  AMBIENT  RANGE— compensated  for 
operation  from  —  65®C  to  -f-100*C. 

•  WEIGHT- 0.08  lb. 

•  MOUNTING  —  Standard  octal  or  4-  |i 
pronged  tube  base.  "  > 


EDISON 

CONTROL 


In  a  thermal  relay,  an  electrical  heater,  rather 
than  magnetic  coil,  is  used  to  operate  the  con¬ 
tacts.  This  results  in  certain  useful  characteristics 

)— inbuilt  delay  timing,  insensitivity  to  transients, 
a  non-inductive  device  that  operates  from  AC  or 
DC  or  interchangeably,  and  simple  construction. 

The  design  of  the  EDISON  Mod#l  501  Thermal 
Relay  adds  certain  important  features  to  these 
general  advantages.  Hermetic  sealing  in  glass 
protects  all  parts,  guarantees  consistent  long  life, 
and  makes  operation  independent  of  altitude. 
Contacts  operate  noiselessly  in  an  arc-quenching 
atmosphere  with  consequent  equal  current  ratings 
on  AC  or  DC.  A  compensating  bi-metal  assures  uni¬ 
form  response  time  at  all  ambient  temperatures.  The 
relay  will  operate  in  any  position.  A  convenient  tube- 
base  mounting  is  available.  Sound  thermodynamic 
design  assures  consistent  operation  and  permits  a 
wide  range  of  characteristics. 

Delay  or  timing  is  only  one  of  the  many  uses  of 
this  versatile  new  relay.  Engineers  are  constantly 
finding  new  applications  for  a  device  with  its  unusual 
and  useful  characteristics  — applications  which  sim¬ 
plify  and  improve  control  circuits  of  many  types. 

For  instance,  it  protects  vacuum  tubes  by  delay¬ 
ing  the  application  of  plate  current  until  cathodes 
are  hot.  It  will  indicate  or  control  over  and  under¬ 
current,  over  and  under-voltage.  It  carries  heavy  AC 
and  DC  loads  and  prevents  chatter  when  actuated  by 
delicate  controls.  It  does  dozens  of  other  jobs  better 
and  more  cheaply  than  any  other  type  of  relay. 


The  services  of  Edison  Engineers 

are  available  to  assist  you  in  working  out 
any  problem  in  connection  with  Edison  in¬ 
struments  and  controls.  A  letter  giving  as 
much  data  as  possible  on  the  proposed  use 
will  receive  prompt  attention.  Instrument 
Division, Thomas  A.  Edison,  Incorporated, 
21  Lakeside  Avenue,  West  Orange,  N.  J.- 
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90281 


The  No.  90281 

High  Voltage  Power  Supply 

Th*  No.  90281  h  gh  ve  tog*  pow*r  supply 
hat  o  d.c.  output  of  700  volts,  with  maximum 
curront  of  250  mo.  In  addition,  AC  ftlomont 
powor  of  6.3  voHt  at  4  amporos  it  also 
ovoiiablo  to  that  this  powor  supply  it  an 
idoal  unit  for  uso  with  transmittors,  such  os 
tho  Millon  No.  90800,  at  woll  at  gonorol 
laboratory  purpogot. 

Tho  powor  supply  utot  two  No.  816  rocti* 
Dors  and  hot  a  two  toction  r  flitor  with  10 
honry  Gonorol  Eloctric  chokot  and  a  2-2-10 
mfd.  bonk  of  1000  volt  Gonorol  Eloctric 
Tyranol  capacHort.  Tho  ponol  it  standard 
8%"  X  lO'' rock  mounting. 


JAMES  MILLEN 
MFG.  CO.,  INC. 


MAIN  OFFICE  AND  FACTORY 

MALDEN 

MASSACHUSETTS 


NEW  PRODUCTS 


(continuod) 


inch,  half,  quarter  and  eighth-inch 
scales  are  available.  Electronic, 
power  and  welding  symbols  are 
printed  on  the  back  of  the  cover. 
Price  is  $1.65  each,  or  less  in  lots. 


Ventilating  Hose  (36) 

American  Ventilating  Hose  Co., 
15  Park  Row,  New  York  7,  N.  Y. 
A  new  neoprene-coated  fabric  hose 


is  available  in  diameters  from  1  to 
24  inches.  Reinforced  by  a  spiral 
wire,  it  can  be  used  for  a  variety  of 
cooling  or  ventilating  purposes. 


Studio  Recorder 


(37) 


Fairchild  Camera  and  Instru¬ 
ment  CORP.,  Jamaica,  N.  Y.  The 
No.  523  studio  recorder  for  instan¬ 
taneous  or  wax  recordings  accom¬ 
modates  18-inch  masters.  A  positive 
drive  at  33.3  rpm  from  a  syncho- 
nous  motor  makes  the  a-c  line  the 
only  standard  of  frequency  neces¬ 
sary  for  dubbing  in  sound.  Uniform 


Thermodor  is  a  name 
remembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


'Sovon  Loaguos  Ahood" 


THERMADOR  ELECTRICAL  MFC.  CO. 
5119  District  llvd  .  les  A«f«inJ2.  Cahttriua 
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FAST 


Mijakon 


SEALED  lUBULAR 


Here  is  a  line  of  midget  sixe  Capacitors  that  will  fit 
into  those  many  inaccessible  places  encountered  in 
ELECTRONIC  DEVICES,  RADIOS  AND  TELEVI- 
SION  SETS. 

These  are  hermetically  sealed  "Paper  Dielectric"  units 
—  impregnated  and  filled  with  oil*  or  w-ax  — in  tubular 
containers  of  brass  with  a  heavy  tin  dip. 

They  are  particularly  suitable  where  a  high  quality 
capacitor  is  required  to  function  under  conditions  of  ex¬ 
cess  humidity;  where  stability  and  long  life  also  are  vital 
factors.  They  are  fungus  resistant  — excellent  units  to 
use  in  radionic  and  electronic  equipment  for  operation 
in  tropical  or  similar  areas.  In  certain  regions  servicing 
may  be  a  problem,  consequently  continuous  and  reliable 
performance  is  essential. 


This  line  includes  the  follouing  ranges:  In  WAX 
-.002  to  .1  MFD,  100  VDC;  .002  to  .075  MfD,  200 
VDC;  .002  to  .05  MFD,  400  VDC;  .001  to  .03  MFD, 
600  VDC.  In  OIL -.002  to  .05  MFD,  100  and  200  VDC; 
.001  to  .04  MFD,  400  VDC;  .001  to  .02  MFD,  600  VDC. 
Somewhat  higher  capacities  can  be  supplied  without 
increasing  the  size  abnormally.  Below  is  a  Representa¬ 
tive  list  of  "MIJAKONS”  showing  detailed  dimensions. 

Please  note  these  units  are  not  carried  in  stock.  Due 
to  the  difficulty  in  obtaining  brass  shells  and  tubing 
deliveries  cannot  be  made  until  the  end  of  the  1st 
quarter  of  1947.  Plan  to  use  "MIJAKONS”  in  your 
1947  models.  Samples  may  be  supplied  in  four  to  six 
weeks.  WHEN  MAKING  INQUIRIES  or  REQUEST¬ 
ING  samples  PLEASE  SPECIFY  whether  "Wax”  or 
"Oil”  are  required. 


Class  20— Both  Tarmlnols  Insulated 


Class  22 — One  Terminal  Grounded 


Volts 

D.C. 

Impreg- 

nant 

Diameter 

(inches) 

Length 

(inches) 

Cap. 

Mfds. 

Volts 

D.C. 

Impreg- 

nant 

Diameter 

(inches) 

10() 

Oil 

.008 

100 

Oil 

— 

Wax 

h 

.075 

100 

Wax 

Oil 

H 

1-^ 

.004 

200 

Oil 

H 

200 

Wax 

Va 

H 

.002 

200 

Wax 

Va 

400 

Oil 

i-h 

.001 

400 

Oil 

Va 

400 

Wax 

% 

.05 

400 

Wax 

h  1 

600 

600 

Oil 

Wax 

1 

.01 

.02 

IKK) 

600 

Oil 

Wax 

(>00 

Oil 

Va 

S 

.005 

(iOO 

Oil 

1 

Standard  or  Special  Units  to  Meet  Every  Need 

FAST  can  supply  practically  any  Capacitor  of  the  "Paper 
Dielectric”  type  in  OIL  or  WAX  —  impregnated  and  filled 
—  or  POLYSTYRENE  FILM.  Containers  may  be  cardboard 
or  metal,  rectangular  or  tubular,  in  sizes  from  the  smallest  to 
the  largest.  CHOKE  COILS  of  heavy  wire  (No.  12  to  No. 
18),  Air  or  Iron  Core,  can  also  be  made  to  your  specifications. 

"When  You  Think  of  Capacitors  . . .  think  FAST*' 


Length 

(inches) 


WAX  impregnated  and  rilled 
unit*  may  be  weed  far  oper- 
etion  in  lamparatura*  up  to 
I50"F  165*0  -  the  Oil* 
Group  up  to  I94*F  190*0. 

Standard  Capacity  Toler¬ 
ance  on  “Mijakon*”  It 


j  ±20%.  Closer  tolerances 

l-?4  1 

I  may  be  obtainod  It  required 

l-H  ' 

[  but  at  added  cost. 

l-?8 

1  *MINERAL  OIL 

^!6 

_ 

P 

Capacitor  Specialists  for  Over  a  Quarter-Centurj 

3101  N.  Pulaski  Road,  Chicago  41 

Canodiau  Soprotontathru*:  Beowpre  fngineering  Worbt,  Ceg'd. 

Slot  leMorr  Avenue,  Monkool,  for  Potver  Factor  Corroctiom 
i.  M.  longstaffo.  Ltd.,  II  Kin*  Street,  W.,  Toronto  I,  for  Special  AppHeoHont 


PftOOUCTS 


(contlnutd) 


j^VAMCf 


cutting  is  assured  with  a  screw 
mechanism  adjustable  at  any  pitch 
from  80  to  160  lines,  starting  either 
from  center  or  edge. 


'  has 
retard  changers 


Radiating  Connectors  (38) 

Eitel-McCullough,  Inc.,  San  Bru¬ 
no,  Calif.  Type  HR  heat  dissipat¬ 
ing  connectors  are  used  to  make 
electrical  connections  to  the  plate 
and  grid  terminals  of  power  tubes. 


Harv«y  it  h«adqwart«rt  for  sound 
oqwipmont.  In  stock  or*  rucord  playort, 
ckongort,  ompiiflors,  tpoakors,  mikos, 
compisto  p.o.  and  sound  systoms,  utc. 
Take  advantage  of  our  fast  efficient 
service ...  send  or  call  in  your  orders! 


RECORD  CHANGERS 


Utah  Raci 
Change 


Uteh  Record  Ployer— Some  model,  oroil- 
oble  in  ottroctive  peorl  finish  cobinet  with 
omplifier,  speoker,  tone  ond  volume  con¬ 
trols.  High  quolity  phonogroph  reproduction 
in  o  neot' small  unit .  . $44.15 


at  the  same  time  providing  efficient 
heat  transfer  from  the  tube  ele¬ 
ment  and  the  glass  seal  to  the  air. 
The  connectors  are  machined  from 
solid  dural  rod  and  are  supplied 
with  necessary  machine  screws  to 
insure  a  tight  joint. 


Advance  hermetically  sealed  relays 
maintain  their  original  efficiency 
under  adverse  conditions.  Dust, 
moisture,  oil  or  fungus  cannot 
reach  precisely  adjusted  parts. 
Approved  for  installation  as  non- 
sparking  equipment  where  there  is 
danger  from  inflammable  vapors. 
Also  eliminate  failure  due  to  arc¬ 
ing  or  condensation  in  low  atmos¬ 
pheric  pressures.  Properly  adjusted 
at  the  factory, they  maintain  adjust¬ 
ment  in  spite  of  temperature  varia¬ 
tion,  and  also  are  tamper  proof. 
Model  C-5  relay  can  enclose  Series 
1500-1600  or  ^rces  6000  (midget 
telephone  type  relay).  Two  mount¬ 
ing  screws  are  provided.  All  con¬ 
nections  solder  to  terminal  wires 
projecting  through  the  ceramic 
Steatite  insulation  disc.  Available 
in  models  up  to  4  pole  double 
throw  with  either  AC  or  DC  coils. 
Overall  size:  lH*in.  diam.  by  2V^* 
in.  high. 

The  C-12  is  an  octal  base,  plug-in 
type  relay  of  similar  size  to  C-5  but 
installed  like  a  radio  vacuum  tube. 
Insulation  is  Bakelite.  Overall  size 
IH-in.  diam.  by  3V^-in.  high. 

Any  other  Advance  relays  can  be 
furnished  on  special  order  in  her¬ 
metically  sealed  brass  containers 
and  with  specified  type  of  connec¬ 
tions. 

Our  engineers  are  at  your  service. 
Let  us  work  with  you. 


Multiwire  Connectors  (39) 

Alden  Products  Co.,  117  North 
Main  St.,  Brockton  64,  Mass.  A 
new  series  of  multiwire  connectors 
features  a  knurled  locking  ring  that 
engages  slots  in  the  chassis  mem¬ 
ber.  In  the  locked  position  a  rubber 
gasket  protects  the  junction  from 
vibration  and  moisture.  A  means  is 
provided  for  fastening  cable  shield¬ 
ing  to  obtain  positive  ground  and 
prevent  strain  on  the  cable. 


Thurdarfun  t-Watt  Amgllflur,  Modal 
50W0S— Idool  for  phono  or  p.o.  wortc. 
Has  toporoto  miko  and  phono  controls,  tono 
control.  Finishod  In  gray  wrinklo,  ponol 
trimmod  in  groan.  Usas  two  6J7,  ona  6L6G, 
ona  5Y3GT. 

Nat  prica,  last  tubas. 

Kit  of  tubas. 


3.26  ■ 

AIm  In  ftock,  a  compittt  Una  of  H 
pannanant  mognat  ipaokars  of  all  H 
sltat,  unmountad  or  In  coMnats  and  H 
bofllas  for  Indoor  or  outdoor  usa.  H 
>hone;  LOngocro  3-1800 


WHF  Receiver  (40) 

Radio  Receptor  Co.,  Inc.,  251  West 
19th  St.,  New  York  11,  N.  Y.  The 
RV-l-B  vhf  crystal-controlled  re¬ 
ceiver  is  designed  for  fixed  fre¬ 
quency  service  over  the  frequency 
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range  100  to  162  megacycles.  The 
unit  is  rack-mounted  for  airline  or 
other  fixed  station  use  but  can  be 


RADIO 

PARTS 


SETS*  AMPLIFIERS 


slid  out  of  its  dust  cover  and  in¬ 
verted  while  in  operation.  Further 
details  are  given  in  Bulletin  5007A. 


Resonant  Relays 


(41) 


Stevens- Arnold  Co.,  22  Elkins  St., 
South  Boston  27,  Mass.  The  type 
172  resonant  relay  uses  a  vibrating 


(SONANT  I 
patent 
TYPE  182' 


hiVENS-ARRo. 
south  boston 


reed  mechanism  adjusted  to  re¬ 
spond  to  a  narrow  band  of  frequen¬ 
cies.  The  units  are  totally  enclosed 
and  based  with  octal-tube  type  con¬ 
nections.  The  ON  time  of  the  con¬ 
tacts  is  5  percent  for  all  frequencies 
from  163  to  442  cps.  An  auxiliary 
relay  or  vacuum  tube  is  used  to 
control  large  currents  that  can  not 
be  handled  by  the  vibrating  con¬ 
tacts.  The  standard  coil  has  an 
impedance  of  500  ohms.  Further 
details  are  given  in  Catalog  116. 


Level  Recorder  (42) 

Sound  Apparatus  Co.,  233  Broad¬ 
way,  New  York  7,  N.  Y.  The  type 
FS  portable  graphic  recorder  meas¬ 
ures  only  8  X  10  X  12  inches  and 


COMPLETE 

CONCORD 

CATALOG 

FREE! 


rotary 

SWITCH 

*“*»•« . 39*  ;l 


ANTENNA 

For  battery  and  midfiretsetsor  ^ 
portables.  Replaces  antenna  M 
coil;  satisfactory  pickup,  ex-  » 
cellent  selectivity.  Inductance  M 
slightly  hitrher  than  neces-  ^ 
sary,  i>ermittinir  removal  of  H 
turns  for  adjustment.  4*4x8*. 

C16450  .  .  . 48^  I 


flrf/4  10H  40  MA. 

CHOKE  I 

^  Extremely  conyact 

I  hialyeffiolentc^ 

P  •“a?J“Arso  excellent  filter  chokes 

m  ^‘*’‘^1:  ?r.?4rverp  and  amphhers. 

#  strap  ty|.e  mountin*. 

. . *  * 


-learly  indicated.  ®i.,j,ercapacitoM. 

'X  '’60* 

S  . — -Ji 


1  Revised!  Up-to-the  minute!  Listing  the  newest, 
5  the  latest  and  best  in  RADIO  PARTS,  RADIO 
SETS,  AMPLIFIERS,  AMATEUR  GE.AR,  ELEC- 

S  TRONIC  EQUIPMENT,  SUPPLIES  and  ACCES- 
SORIES!  Hundreds  of  items  for  every  Radio  and 
Electronic  need  —  Condensers,  Resistors,  Trans- 
^  formers,  Tubes,  Test  Equipment,  Tools  and  Repair 
-W  Replacement  and  Maintenance  Parts  of  every  kind. 

All  standard  top  quality,  nationally  famous  makes, 
f  are  fully  represented  in  the  great  new  Concord 
I  Catalog.  Complete  lines  including  new  and  hard-to- 
f  get  parts  and  equipment  at  latest  O.P.A.  prices  or 
I  lower.  Thousands  of  items  — and  complete  stocks 
I  ready  for  immediate  shipment  from  CHICAGO  or 
P  ATLANTA.  Your  copy  of  the  new  Concord  Catalog 
L  is  ready  now— FREE!  Mail  the  Coupon  below. 

SEE  •  .  • 

b  Complete  showing  of  ham  gear,  equipment, 

I  supplies  and  accessories  for  amateurs,  engi- 

1  neers,  serv  icemen,  soundmen,  retailers. 


the  first  peacetime  Concord  line  of  modern 
Radio  Sets  and  Radio  Phonograph  Combi¬ 
nations— featuring  a  host  of  new,  approved 
post-war  developments... richer  tone  qual¬ 
ity.. .super-selective  tuning  and  reception... 
high  fidelity.. .new  modern  design  cabinets. 


the  thrilling  new  MULTIAMP  Add-A- 
Unit  Amplifiers,  an  entirely  new  revolu¬ 
tionary  development  in  amplifier  engi¬ 
neering  with  sensational  new’ flexibility, 
power,  fidelity  and  economy— EXCLUS¬ 
IVE  VC  ITH  CONCORD! 

All  in  the  new  complete  Concord 
Catalog  .  .  .  mail  the  coupon  now. 


[i  CONCORD  RADIO  CORPORATION 
||  901  Vt'.  Jackson  Blvd. 

||  D«pt.  G-ll6,Chicaao  111. 


Yes,  rush  FREE  COPY'  of  the  comprehensive  i 
new  Concord  Radio  Catalog.  | 


Name. 


Addrt%i . 


•iAi 
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c4  Ihuf-Kunil  {ot 


AU  TYPES  FOR 


A.M.-F.M.- TELEVISION 

Mok«  pleased  customers  and 
bigger  profits  .  •  .  ask  your 
distributor  for  BRACH  Puratone 
ANTENNAS. 


Special  -  purpose  transmitting  an* 
tennas  designed  for  volumb  pro¬ 
duction  to  your  own  specifications. 
Collapsible  —  sectional  —  direc¬ 
tion  finding  —  radar  and  coaxial 
type.  All  sixes,  lengths  and  ma¬ 
terials.  Consult  us  on  your  needs. 


l.  S.  BRRIH  niFG.  [ORP. 

200  CENTRAL  AVENUE  NEWARK,  N.  J. 


WOILO'S  OlOfST  AND  LAIGiST  MANUFACTUIEIS  OF  RADIO  ANTENNAS  AND  ACCESSORIES. 


^1  ( OSis  )oi|  I 

l«  Pay 

‘I  Jjilllt*  Mor(‘ 
lor 

5 1 1  u  0  c  K  s  -  M  u  I  £  u 

P*-ASTIC  dials 


FOR  SRFETV'S  SRKE 

Safety  first  for  personnel  is  of  the  utmost  importance. 
This  protection  can  be  guaranteed  through  the  use  of 
G-E  Interlock  Switches  on  radio  transmitters,  X-ray  and  thera¬ 
peutic  machines,  burglar  alarms,  and  signal  controls  for  fire  doors. 

Safety  first  for  equipment  is  important,  too.  G-E  Indicator 
Lamps  give  visual  evidence  of  what  is  going  on  inside  equipment, 
and  circuit  troubles  can  be  corrected  before  they  become  serious. 
Write:  Electronics  Department  t  General  Electric  Company, 
Syracuse,  New  York, 

GENERAL  #  ELECTRIC 


Quality,  not  quantity  is  the  tradi¬ 
tion  at  Sillcocks-Miller. 

Of  course,  we  cannot  make  all  the 
plastic  dials  industry  requires,  so  we 
concentrate  on  producing  only  the 
best. 

That’s  why  design  engineers  who 
need  plastic  dials  fabricated  to  close 
tolerances  have  come  to  depend 
on  Sillcocks  -  Miller  craftsmanship 
through  the  years. 

Our  understanding  of  the  problems, 
our  ability  to  produce  accurately  and 
our  thorough  knowledge  of  all  types 
of  plastics  enable  us  to  supply  your 
needs  quickly  and  with  a  minimum  of 
effort  on  your  part. 

That's  why  we  can  say  "It  costs 
you  less  to  pay  a  little  more  for  Sill¬ 
cocks-Miller  quality. 

Wrtfe  for  illusfrafod  breehuro  today. 


THE  SILLCOCKS-MILLER  CO. 


I  InO  W«it  Nrkir  Avrmr,  MflwriH,  ■>  A 

***'^»^  ||ll•lli■|  AMrtui  $«rtk  ONRfA  A 

iMcuaim  tM 
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Vont Let ^ 
Others 
Put 

OUT of  the 
Picture/  , 


CAPITOL  RADIO  ENGINEERING  INSTITUTE— Where  Professlono/  Rodfemen  Sfedy 


NEW  PRODUCTS  (conflnutd) 

includes  an  input  potentiometer, 
paper  gate  and  scriber,  amplifier, 
motor,  and  power  supply.  The  unit 


has  a  sensitivity  of  10  millivolts  for 
0  db.  Normal  paper  speed  is  6 
inches  a  minute.  Recording  speed 
is  full  scale  in  0.6  second. 


Stroboscopic  Light  (43) 

Kluge  Electronics  Co.,  1031 
North  Alvarado  St.,  Los  Angeles 
26,  Calif.  A  new  portable  strobo¬ 


scopic  lamp  with  a  bulb  giving  sun¬ 
light  values  for  color  work  operates 
from  any  a-c  outlet  and  retails  for 
$79.50  without  tax. 


Compensating 

Attenuator 


(44) 


Daven  Co.,  191  Central  Ave., 

Newark,  N.  J.  The  type  LAC-720 


Here ’s  How  CREI  Prepares  You  Now  for  a 
Better  Job  and  a  Secure  Career  in  Radio-Electronics 

Add  CREi  Technical  Training  to  Your  Present  Experience — Then  Get 
That  Better  Radio  Job  You  Want — Make  More  Money — Enjoy  Security 

Never  before  have  men  like  you  had  so  many  chances 
to  step  into  brand  new  jobs  in  brand  new  fields.  FM, 

Television,  Facsimile  and  other  electronic  communica¬ 
tions  systems  for  both  government  and  industry  will 
require  thousands  of  highly  trained  expert  radio  com¬ 
munications  engineers  and  technicians. 

NOW  is  the  time  to  take  the  time  to  prepare  yourself 
for  these  important  career  jobs.  CREI  home  study  train¬ 
ing  can  show  you  the  way  by  providing  you  with  the 
^tools'*  with  which  to  build  a  firm  foundation  of  ability 
based  on  a  planned  program  of  modem  technical  training. 

In  our  proved  method  of  instruction  you  learn  not  only 
how  but  why!  This  is  real,  hone8t4o-goodness  practical 
engineering  training  that  leads  to  better  jobs  and  more 
rapid  promotions  .  . .  the  type  of  training  for  which  many 
thousands  of  professional  radiomen  have  enrolled  during 
the  past  19  years.  It  costs  yon  nothing  to  read  the  inter¬ 
esting  facts.  Write  for  free  booklet  today. 

VETERANS!  CREI  training  is  available 
under  the  “C.  /.”  Bill! 

Capitol  Radio  Engineering  Institute 

E.  H.  RIETZKE,  fmldenf 

Dept.  E-11.  Uth  and  Park  Read,  N.W..  Wa$hin9ten  10,  D.  C. 


New  York  17):  170  Broodwoy 


Iroack  Oiicot: 


Son  Franeiseo  (2):  760  Morkot  Sf, 


Capitol  Radio  Eimiiiooriag  Instituto 

16tli  and  Park  Road,  N.  W.,  Washington  10,  D.  C. 


GEMTLEMES ;  Please  send  me  your  free  booklet,  “Your 
Opportunity  in  the  Nese  World  of  Electronics”,  together 
tcith  full  details  of  your  home  study  training.  J  am 
attaching  a  brief  resume  of  my  experience,  education  and 
m  present  position. 


Stroot  . 

City  . Zono .  Stota........ 

CHECK  □  PRACTICAL  RADIO  ENGINEERING 
COURSE  □  PRACTICAL  TELEVISION  ENGINEERING 
□  I  am  ontitlod  to  training  undor  tha  G.  1.  BUI. 


MAIL  COUPON 
FOR  FREE  36  PAGE 
BOOKLET 


If  you  havn  had  profossionol  or  ama¬ 
teur  radio  experience  and  wont  to 
moke  more  money,  let  ns  prove  to  you 
we  hove  the  training  yon  need  to 
qualify  for  a  better  rodio  fob.  To  help 
us  intelligently  answer  yenr  inquiry  — 
PLEASE  STATE  BRIEFLY  YOUR  BACK¬ 
GROUND  OF  EXPERIENCE,  EDUCATION 
AND  PRESENT  POSITION. 
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RESISTANCE 

—To  New  Ideas  Has  Cost  | 
Many  A  Man  a  Great  Fu-  j 
ture.  I 

We  all  know  the  classic  j 
stories  of  the  people  who  ] 
scoffed  at  Edison,  Ford,  I 
Deforest.  It  was  the  scof>  t 
fers  who  lost  out  when  the  | 
rewards  poured  In.  Now  j 
with  radio-electronics  en-  j 
tering  a  graat,  new  era,  I 
when  it  may  well  emerge  j 
in  greatly  magnified  form,  | 
you  fellows  who  aro  In  on  | 
the  ground  floor  and  don't  { 
prepare  nov  for  the  fu-  ! 
ture  fall  In  the  same  class  ^ 
as  those  early  scoffers,  j 

^ I 

pTttiAtm  of  Cftri  I 


! 

I 


PUBLIC 
ADDRESS 

by 

fl£V^STI£4L 

for  the  very  best  in 
REPRODUCTION  •  DESIGN 
WORKMANSHIP  •  SERVICE 


We  will  gladly  send  you  full  details  and 
specifications  of  the  full  range  of 
ACOUSTICAL  P.  A.  Equipment  on  request. 


MANUFACTURING  CO..  LTD. 

HUNTINGDON  •  ENGLAND 
TELEPHONE:  HUNTINGDON  3*1 


NEW  SOLDERING  GUN 


SB  WNttl 
YOU  SMOn 


Service  and  maintenance  men 


can  save  time  by  the  last  heat 


ing  of  the  Soldering  Gun.  By  use  'V.  5:” 

of  the  new  induction  priocipic.  S  second 
soldering  beat  is  supplied  from  a  light  weight  ' 

built'io  transformer. 

The  loop  type  tip  gives  you  other  advantages  that  are  im> 
portant  in  soldering.  Good  balance  with  weight  close  to 
your  hand  makes  it  easier  to  use.  The  narrow  tip  gets  in 
between  a  lot  of  wiring  with  ease.  Connections  can  be 
made  without  burning  insulation.  The  tip  can  be  formed 
readily  to  work  in  tight  places. 

See  your  radio  parts  distributor  for  a  demonstration,  or 
write  direa  for  descriptive  bulletin. 

'A  100  Watts  115  Volts  60  Cyclos 
'A  Intarmittent  Oporotion  With  Triggor  Switch 
A  Can't  Ovarhaat  or  Burn.  Out 
A  Impact  Rasisting  Casa 
A  Handl#  Stays  Coal 
A  Good  Balanco— Waight  Closa  To  Hand 

510  NORTHAMPTON  ST. 


WELLER  MFG.  CO-  Easton.  Pa. 


S^^ooth  Selling 


You’ll  build  smoother  per¬ 
formance  into  your  phono¬ 
graphs,  recorders  and  record- 
changers  when  you  equip 
them  with  GI  Smooth  Power 
Motors. 

Every  unit  in  our  wide  line 
provides  that  combination  of 
quick  pick-up,  unvarying 
speed  and  velvety  operation 
which  pleases  customers  and 
makes  your  selling  job  easier. 

For  smooth  running  and 
smooth  selling,  standardize 
on  Smooth  Power  Motors. 


General 
Industries  co. 


Elyria,  Ohio 


Dbpt.  ME 
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NEW  FKODUCTS  (continued)  | 

i 

tone-corn pensatinjf  attenuator  has 
been  developed  to  facilitate  authen¬ 
tic  reproduction  of  the  musical 
spectrum  at  any  reasonable  level. 
The  device  is  essentially  a  ladder 
network  designed  so  that  the  lower 
frequencies  have  a  smaller  loss  than 
the  middle  register  to  compensate 
for  the  nonlinear  response  of  the  I 
human  ear.  Six  different  character-  i 
istics,  including  a  flat  frequency  re¬ 
sponse,  can  be  chosen  by  proper 
connection  to  lugs  on  the  unit. 


Timing  Motor 

A.  VV.  Haydon  Engineering  Co., 
Waterbury,  Conn.  The  Circle  B 
timing  motor  can  be  supplied  in  1 
and  5  rpm  speeds,  operating  from 
110,  220,  and  24  volts,  60  cycles.  It 
will  fit  in  a  2-inch  circle,  has 
through  holes  for  mounting,  solder 
terminals,  and  no  projecting  ears 
or  leads. 


Vacuum  Gage 

Radio  Corp.  of  America,  Camden.  ; 
N.  J.  The  type  EMG  vacuum  gage 
used  in  the  electron  microscope  is 
now'  available  as  a  separate  assem-  j 
bly  consisting  of  thermocouple,  j 
ionization  tube  and  control  unit.  ; 
Rough  pumping  pressures  are  | 


indicated  by  the  thermocouple, 
w’hereas  the  tube  is  connected  after 
the  diffusion  pump  has  been 
f»tarted.  A  feature  of  this  tube  is 
its  cold  cathode.  There  is  no  fila¬ 
ment  to  burn  out  with  accidental 
increase  of  air  pressure.  The  tube 
is  also  enclosed  in  an  oval  metal 
shell  surrounded  by  a  strong  mag¬ 
netic  field.  The  anode  consists  of 
a  rectangular  loop  of  wire  embrac¬ 
ing  the  maximum  position  of  the 
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CHICAGO  TRANSFORMER 


CHICAGO,  18 


3501  ADDISON  STREET 


/4«  Advertisement  about  TRANSFORMER  DESIGN 

. . .  Directed  to  those  ui>o  manujacture  electronic  equip¬ 
ment  that  must  be  MOISTURE  PROOF  and  or  FAILURE  PROOF 


HERMETICALLY- $1 
TERMINAL  CONSTRUC 


PernaReRt  Proof  Aiawst  MoistRre 

^  iRipenrioRS  to  ToRiperatare  Changes  m  tka  UrN  ai^ 
^  Sarronading  Air  ^ 

9  Unaffected  by  Heat  Transfer  from  Soldaring  at 
^  Terminal  Connections  ^ 

if  Cnshioned  Against  Mechanical  Shock  \ 


Thaaa  qualities  stem  from  Chicago  Transformer's  use  of  spec 
neoprene  rubber  gaskets  in  confunction  with  ceramic  bushingfAi 
seal  and  insulate  terminals  where  they  extend  through  the  sH 
base  covers  or  drawn  steel  cases.  Under  constant  pressure,  impoa 
by  the  terminal  assembly  itself,  the  gaskets  are  forced  into.^ 
retained  by  specially-designed  wells  in  the  bushings.  ^ 

By  this  method,  a  non-deteriorating,  highly  resilient  Wal 
tained.  Its  protection  of  the  vital  parts  of  the  transformer  agol 
moisture  and  corrosion  is  equally  effective  in  extreme  Heat  or  o 
and  against  corrosive  fumes  or  liquids.  j 

As  components  of  Army  and  Navy  electronic  apparatus,  Hermi 
cally-Sealed  Chicago  Transformers  gained  an  outstanding  repu 
tion  for  durability  and  dependability  under  the  most  severe  warH 
operating  conditions.  Today,  this  same  basic  design  Is  availcdill 
manufacturers  who  are  building  electronic  equipment  to  ai 
parable  standards  of  peacetime  excellence.  f  -J 


% 


FINEST  MICROPHONES 

r;<.tP.A..«/RECORDING/ 


A'eur  P.  G. 
DYNAMIC 

WITH  NEW 

SUPERIOR 
ELIPSOID 
PICK  UP 
PATTERN! 


AMPERITE 

VELOCITY 

MICROPHONE 

WITH 

PATENTED 

ACOUSTIC 

COMPENSATOR 


:  AMPERITE  KONTAK  MIKES 

IDEAL  FOR  AMPLIFYING 
^  STRINGED  INSTRUMENTS 

USED  WITH  ANY  AMPLIFIER 
AND  WITH  RADIO  SETS 

ASK  YOUR  JOBBER  .  .  .  WRITE  FOR  FOLDER 


AMPERITE 


AMPERITE 


Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  all  grades 
including  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

Information  and  suggestions  furnished 
on  request. 


DC  702  and  DC  703 
Silicone  Diffusion  Pump  Fluids 


STABLE  TO  AIR  AND  MOISTURE 
AT  OPERATING  TEMPERATURES 


MANUFACTURERS  OF  HIGH  COERCIVE  MAGNETIC  AllOYS 


MAONETie 


lOOOl  ERWIN  AVENUE 

DETROIT  5,  MICHIGAN 


[AUMICOl 


•  in  electron  microscopes 

•  In  metal  evaporator  systems 

•  In  producing  vacuum  tubes 

•  In  dehydrating  foods  or  pharmaceuticals 


Never  before  have  there  been  diffusion  pump  oils 
producing  vacuo  up  to  5  x  lO"*'  yet  able  to 
withstand  atmospheric  pressure  at  operating 
temperatures  without  appreciable  decomposition. 

DC  702  and  DC  703  hove  those  properties. 
Their  vopur  pressures  are  as  low  or  lower  than 
the  best  organic  diffusion  pump  oils;  recovery 
times  after  exposure  to  atmosphere  at  operating 
temperatures  are  much  faster.  Ultimate  vacuum 
obtainable  with  DC  703  in  a  three-stage  glass 
pump  without  cold  traps  is  l*$s  than  5x10**  mm. 

DC  702  has  a  lower  boiling  point,  operates 
against  a  higher  forepressure  and  produces 
vacuo  in  the  range  of  organic  diffusion  pump  oils. 

Additional  information  about  DC  702  and  DC 
703  is  contained  in  pamphlet  No.  N  9-1. 

SILICONE  FLUIDS  AS  LIQUID  DIELECTRICS— DC 
200  Fluids  are  used  in  liquid  filled  condensers 
because  of  inherent  stability,  inertness  to  moisture, 
and  a  dielectric  constant  and  power  factor 
which  change  very  little  over  a  wide  frequency 
spectrum.  For  additional  data  on  DC  Silicone 
Fluids  write  for  catalog  No.  N  1-1. 


DOW  CORNING  CORPORATION 

MIDLAND,  MICHIGAN 

Chicago  Office:  Builders’  Building 
Cleveland  Offica:  Terminal  Tower  Building 
New  York  Office;  Empire  Slate  Building 
In  Canada:  Dow  Corning  Products  Distributed 
by  Fiberglat  Canada,  Ltd.,  Toronto 
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PRODUCTS 


(conttnusd) 


magnetic  field.  The  gage  units  are 
provided  with  standard  threaded 
fittings,  and  leads  with  plugs  to 
attach  to  the  appropriate  jacks  in 
the  control  unit.  Pressures  as  low 
as  0.1  micron  can  be  accurately 
measured. 


design  ..a  PRODUCTIM^Wf^i 


-  ►  , 


V-T  Vollmeler  (47) 

Freed  Transformer  Co.,  Inc.,  72 
Spring  St.,  New  York,  N.  Y.  The 


O 


o 


No.  1040  vacuum-tube  voltmeter 
has  a  range  from  0.001  to  100  volts 
with  an  accuracy  of  2  percent  for 
sinusoidal  voltages.  Frequency 
range  is  10  to  200,000  cycles  with 
0,1  db  variation.  The  power  supply 
is  contained  in  the  metal  cabinet. 


What  Have 
ASSENV^  COSTS 

to  do 


and 


with  Target  Practice? 


Miniature  Phototubes  (48) 

Continental  Electric  Co.,  Gen¬ 
eva,  Ill.  Cetron  tubes  CE-58  and 
CE-60  measure  lii  inches  in  length 
and  have  a  diameter  of  25  64  inch. 
The  former  tube  is  gas  filled,  has  a 
red-sensitive  surface  and  is  avail¬ 
able  in  two  .sensitivities,  80  or  150 


Objective  of  both  is  a  bulCs-eye. 
But  the  engineer  is  likelier  to  score  a 
designer's  bull's-eye  —  an  easy,  fast, 
inexpensive  assembly  —  if  he  keeps 
in  mind  not  only  assembly  practical- 
ibility  but  also  assembly  costs. 

A  fraction  of  an  inch  difference  in 
the  size  or  location  of  a  hole  can  mean 
•  a  difference  of  thousands  of  dollars 
—  to  be  credited  to  profit  or  charged 
to  production.  Because  that  fractional 
difference  in  the  size  or  location  of 
a  hole  determines  whether  standard 
or  special  Milford  rivets  and  rivet¬ 


setting  machines  are  to  be  used. 

Although  Milford  makes  both,  Mil¬ 
ford  believes  it's  just  good  business  to 
use  standard  equipment  wherever  pos¬ 
sible  because  that  keeos  costs  down. 
To  share  its  "know-how"'  —  short 
cuts,  time  and  money-saving  ideas 
that  may  make  possible  the  use  of 
standard  equipment  —  Milford  wel¬ 
comes  invitations  from  engineers  to 
discuss  projected  assemblies  even  be¬ 
fore  they  reach  the  drawing  board. 

Consultation  is  in  strictest  confi¬ 
dence  and  without  obligation. 


THE  MILFORD  RIVET  &  MACHINE  CO. 

859  Bridgeport  Ave.  1002  West  River  St. 

MILFORD,  CONN.  ELYRIA,  OHIO 


InquifMt  may  olto  b«  oddftfd  to  our  subsidiary: 

THE  PENN  RIVET  &  MACHINE  CO.,  PHILADELPHIA  33,  PENNA.  . 

Dosignors  and  AAanufociurors  of:  SPECIAL  COLD  HEADED  PARTS;  SPLIT,  SEMI-TUBUUR  AND  DEEP. 
DRILLED  RIVETS;  RIVET  SEHING  MACHINES;  SPECIAL  MACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 
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INOTIEI 
SPECIAL  BT 
PBOGRESSIVE 


uiaRON\cs 


ELECTRIC  company 


p  A  Oepts.  in 
all  sloies.  Set 
i  Appl.  Dep's 
in  N.  t  C. 


(AMERICAN  TELEVISION  &  RADIO  CO 


I  |„ctt< 


BATTERY  ELIMINATORS 

POR  CONVBRTIPCG  A.C.  TO  D.C. 
N«w  Models  . . .  dotignod  for  testing 
D.C.  electrical  apparatus  on  regulor 
A.C.  lines.  Equipf^  with  fwll>wave 
dry  disc  type  rectifier,  assuring  noise¬ 
less,  interrarence-free  onercmM  and 
extreme  long  life  and  reliability. 

•  Eliminates  Storage  Satterles  end 
Birttery  Chargers. 

•  Operates  the  Equipment  at  Maxi¬ 
mum  Efficiency  at  All  Times. 

•  Pully  Automatic  and  Feel-Rreef. 


so  - '“OOP  — 


onywharq,  you'll 
save  time  by  phoning 
or  wiring  Newark 
Electric.  Tremendous, 
up-to-the-minute  stocks 
are  maintained  in  all 
three  stores. 

COMPETENT  TECHNICAL  MEN 

handle  your  inquiries  intelligently 
end  promptly  end  can  quote  prices 
end  delivery  dates  on  specific  mer¬ 
chandise.  Orders  shipped  same  day. 
When  writing  address  Dept.  R.g 


LOW  POWER. INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Another  New  ATR  Model . . .  designee 
for  operating  small  A.C.  motors,  elec¬ 
tric  raxors,  and  a  host  ef  other  small 
A.C.  devices  from  D.C.  veltagei 
sources. 


IF  YOUR  NEEDS  in  radio  or 
electronics  parts,  sets  or 
equipment  are  available 


if  Literature  and  full  information 
on  ANY  manufacturer's  products 
will  be  sent  promptly  on  re¬ 
quest.  Wire  or  phone  for  quick 
action. 

if  Our  big  bargain  counters  are 
loaded  with  new  parts  and  un¬ 
usual  special  equipment.  In¬ 
quiring  minds  enjoy  these 


m  1.  k 

(biiei*  I.  Ill 


STANDARD  AND 
HEAVY  DUTY  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Speelolly  designed  for  operating  A.C. 
radios,  television  sets,  amplifiers,  ad¬ 
dress  systems,  and  radio  test  equip¬ 
ment  from  D.C.  voltages  In  vehicles, 
ships,  trains,  planes,  and  in  D.C. 
distrirts. 

WRITE  FOR  NEW  CATALOG— 
JUST  OFF  THE  PRESSI 


N.Y.C.  Stores:  IIS  W.  45th  St.  A  212  Ful¬ 
ton  St.  Offices  A  Warehouse:  242  W.  55th 
St.  N.Y.  19 
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(continuad) 


microamperes  per  lumen.  The  CE- 
60  is  blue-sensitive  with  either 
standard  commercial  sensitivity  of 
14  microamperes  per  lumen,  or  25 
for  experimental  use.  Detailed  spe¬ 
cifications  are  available. 


Eore-LtisH  'IVwler  (-t^) 

GENERAL  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  A  new  instrument  to 
measure  a-c  permeability  and  core 
loss  in  .steel  samples  is  a  self-con¬ 


tained,  desk-type  unit.  The  appar¬ 
atus  meets  A  STM  specifications  for 
measurements  at  commercial  power 
frequencies  and  inductions  up  to  18 
kilogausses. 


ROTOBRIDGE 

i  REG.  U.  S.  PAT.  OFF. 

I  The  Automatic  High  Speed 
I  Mass  Production  Tester 


HERE’S  THE  TROUBLE! 

Rotobridge  indicates  defective  circuits  by  number, 
enabling  a  service  man  to  examine  the  num¬ 
bered  inspection  tag,  and  find  the  defect  without 
the  use  of  conventional  measuring  equipment. 


SPEED  — Rotobridge  makes  bridge-type  measurements,  comparing 
completed  units  against  your  engineering  standard.  Tests  are 
made  right  on  the  assembly  line  at  the  rate  of  a  circuit  a  second. 


F-M  Antenna  Coupler  (50) 

E.  F.  Johnson  Co.,  Waseca,  Minn. 
Broadcasters  desirous  of  using  ex- 
i.sting  a-m  transmitting  towers  for 


initial  f-m  antenna  installations  are 
often  faced  with  the  problem  of 
feeding  the  new  antenna  without 
short-circuiting  the  a-m  radiator  or 
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ACCURACY — Rotobridge  automatically  checks  wiring  errors, 
resistance  and  reactance  values  on  all  types  of  communication, 
electrical  and  electronic  equipment.  It  can  be  operated  by  unskilled 
labor — and  since  the  human  element  is  almost  entirely  eliminated, 
specified  tolerances  are  absolutely  maintained. 

VERSATILITY  —Rotobridge  is  adaptable  to  several  small  sub 
assemblies,  or  a  complete  set  comprising  as  many  as  120  circuits. 
Two  or  three  Rotobridge  units  working  simultaneously  will  inspect 
a  30  or  40  tube  set-up — in  five  minutes. 

WRITE  TODAY  FOR  BULLETINS 


COMMUNICATION 

MEASUREMENTS 

LABORATORY 


1 20  Greenwich  St.,  New  York  6,  N.  Y.  5 

■ 

r  CHICAGO:  612  N.  Michigan  Ave.  ■ 

SALfS  '  ■ 

.  WASHINGTON:  924  19th  St.  N.  W.  ■ 

OHift  m 

L  PHILADELPHIA:  Ridge  &  Crawford  ■ 

mmmmmmmmmmmummmmmmmmmmmmmmmmmmmmM 
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Write  for  Full  Information  Today 


inspection  and  remote  operation  are 
features  of  the  units  that  utilize 


thePAlNUTCo. 

71  CORDIER  ST.,  IRVINGTON  11,  N  J 


WM.  I.  MURDOCK  CO. 

221  Carter  St.,  Chelsea  50,  Mass. 


Big  Savings  with 

PALNUT 

Coil  Tube.  Fasteners 


NEW  PRODUCTS 


(continued) 


1,  Provides  re¬ 
quired  tension  on 
iron  core  adjusting 
screw  to  maintain 
accurate  setting, 
thru  use  of  special¬ 
ly  designed  Palnut 
thread  form. 


2.  Provides 
support  for  the  RF 
or  IF  coil  tube.  All 
coil  tube  length 
abtjve  chassis  is 
usable  electrically, 
as  fastener  does  not 
extend  above 
chassis.* 

3.  Snap  the  as¬ 
sembly  into  chassis, 
shield  can  or  ter¬ 
minal  board.  Pro¬ 
vides  absolute  se¬ 
curity  and  rapid 
assembly. 


SAMPLES  of  this  new,  speedy,  effi¬ 
cient  Palnut  Coil  Tube  Fastener,  plus 
engineering  data,  sent  upon  request 
on  your  business  stationery*. 


introducing  crosstalk  on  the  f-m 
frequency.  The  iso-coupler  allows 
operation  of  lO-kilowatt  f-m  trans¬ 
mitters  on  50-kilowatt  a-m  towers, 
matching  50-ohm  lines  from  the 
f-m  transmitter.  The  unit  is  fur¬ 
nished  in  a  94  X  37  X  24  inch  out¬ 
door  cabinet. 


Composition  Resistors  (51) 

General  Electric  Co.,  Wolf  St. 
Plant,  Syracuse,  N.  Y.  Composition 
resistors  in  standard  RMA  values 
capable  of  operation  at  full  rating 


DOES  3  JOBS!  h 


MURPOW 


Helpsio 


u 


C0! 


HeaJlim 


up  to  168  F  have  been  announced. 
They  are  humidity-resistant  and 
have  strong  pigtail  leads  that  are 
heavily  tinned.  Up  to  350  volts  rms 
can  be  continuously  applied  across 
the  half-watt  unit  and  1,000  volts 
across  the  two-watt  resistor. 


Welding  Sequence 
Timer  (52) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  A  new  line  of  sequence 
timers  using  electronic  timing  cir¬ 
cuits  has  been  developed.  Quick 
change  of  welding  sequence,  easy 


Building 
Better  Phones 
Since  1904 

"Put  it  up  to  MURDOCK" 
when  you're  stopped  by  a 
tough,  obstinate  Headphone 
problem. 

Through  the  years,  MURDOCK 
craftsmen,  "know-how",  and  re¬ 
search  have  combined  to  pro¬ 
duce  the  answer  to  many  per¬ 
plexing  headphone  problems. 
MURDOCK  engineers  have 
"rolled  up  their  sleeves"  and  de¬ 
signed  highly  specialized  head¬ 
phones  to  meet  many  exacting 
requirements. 

MURDOCK  pioneered  in  the 
first  Solid-Built  Headphone  42 
years  ago.  Ever  since  then,  MUR¬ 
DOCK  has  been  closely  identified 
with  progress  in  better  head¬ 
phones  for  clearer,  easier  listen¬ 
ing.  Benefit  from  our  long  expe¬ 
rience  and  save  time  and  money. 


- NOW 

a  really  high-powered 


yote: 

Tha  Library  comprises 
a  selection  of  books 
culled  from  leading 
McGraw  •  Hill  publica¬ 
tions  in  the  radio  field. 


especially  selected  by  radio  specialists  of 
McGraw-Hill  publications 

to  sive  most  complete,  dependable  cov¬ 
erage  of  facts  needed  by  all  whose  fields 
are  grounded  on  radio  fundamentals 

available  at  a  special  price  and  terms 


These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  ami  other 
subjects — give  specialized  treatments  of  all 
Helds  of  practical  design  and  api>lication.  They 
are  books  of  recognized  position  in  the  litera¬ 
ture — books  you  will  refer  to  and  be  referred 
to  often.  If  you  are  a  practical  designer,  re¬ 
searcher  or  engineer  in  any  field  liased  on  radio, 
you  want  these  books  for  the  help  they  give  in 
hundreds  of  problems  throughout  the  whole 
field  of  radio  engineering. 

5  volumes,  2559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  Edition 

Terman’s  RADIO  ENGINEERINCi,  2nd 
edition 


Everitt’s  COMMUNICATION 
NEERING,  2nd  edition 


E  N  G  I  - 


A  MOST  COMPACT  RHEOSTAT 
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S  Name  . 

I  Addremi  . 

I  City  and  State . 

■ 

8  Company  . 

■ 

■ 

J  l*ORltlon  . L-ll  46 

S  For  Canadian  price  write  EinbaMiy  Kook  C'o.. 

8  12  Richmond  St.  K.,  Toronto  I 


Hunds  HIGH  FREQUENCY  MEASURE¬ 
MENTS 


Kenney’s  RADIO  ENGINEERING  HAND¬ 
BOOK,  .^rd  edition 


SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  under  this  offer  less  than  cost 
of  books  bought  separately.  In  addition,  you 
have  the  privilege  of  paying  in  easy  install¬ 
ments  beginning  with  $2.50  in  10  days  after 
receipt  of  books  and  $4.00  monthly  thereafter. 
Already  these  books  are  recognized  as  standard 
works  that  you  are  bound  to  require  sooner  nr 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 

FOR  10  DAYS’  EXAMINATION  SEND  THIS 
I-.-..— ...ON-APPROVAL  COUPON . . 


®  HARDWICK,  HiNDLE,  INC. 

RHEOSTATS  and  RESISTORS 
Subsidiary  of  THE  NATIONAl  LOCK  WASHER  COMPANY 
NEWARK  5.  N.  J.  btabibhed  ism  y  S  ^ 


McGraw-Hill  Book  Co.,  330  W.  42nd  St..  N.Y.C.  IR 
Send  me  Radio  Engineering  Library  for  10  days’ 
examination  on  approval,  in  10  day.s  I  will  send 
$3.50  plus  few  cents  postage,  and  $4.00  monthly 
tlll  $26.50  Is  paid,  or  return  books  postpaid.  (We 
pay  postage  on  orders  accompanied  b.v  remittance 
of  first  Installment.) 


Type  2462F  is  designed  for  rela¬ 
tively  low  wattage,  and  it  fits  into 
an  exceptionally  small  space. 
From  the  back  of  the  panel  it 
measures  only  ^  of  an  inch. 

Its  terminals  are  ideal  for  easy, 
rapid  crimping  and  soldering. 

The  shaft  and  bushing  are  fully 
insulated  from  the  contact  mech¬ 
anisms,  so  the  rheostat  can  be 
mounted  on  a  metal  panel.  And 
this  little  10  watt  rheostat  is  tested 
for  1500  volt  breakdown. 

Other  types  of  Hardwick- 
Hindle  rheostats,  and  our  many 
resistors  offer  you  valuable  ex¬ 
clusive  advantages  also. 

Write  us  today.  Our  engineers 
are  always  at  your  service. 


AaUAL  SIZE  OF  RHEOSTAT 


PARAMOUNT  Paper  Tubes 
are  used  for  coils  in  the  field 
assembly  of  the  motor  in 
this  Telechron  electric  clock, 
the  “Telolorm,  Jr.",  os  in  oil 
electric  clocks  mode  by 
Telechron,  Inc.,  Ashland,  Moss. 


This  is  typical  of  the  wide  use  of  PARAMOUNT  paper  tubes 
by  leading  manufacturers  of  electrical,  radio  and  electronic 
products.  With  over  15  years  of  specialized  experience, 
PARAMOUNT  can  produce  exactly  the  shape  and  size  tubes 
you  need  for  coil  forms  or  other  uses.  Square,  rectangular, 
or  round.  Ui~Dielectric,  Hi-Stretigth.  Kraft,  Fish  Paper,  Red 
Rope,  or  any  combination,  wound  on  automatic  machines. 
Tolerances  plus  or  minus  .002 Made  to  your  specifications 
or  engineered  for  you.  Samples  and  prices  on  request. 

H  'r/Ve  for  Arbor  Lht  of  over  1000  sizes 

INSIDE  PERIMETERS  FROM  .592’  TO  19.0' 


2nd  Among  the 
Features  of  IM(^J 
VARNISHED 
TUBING 
PRODUCTS 


(continued) 


NEW  PRODUCTS. 


plug  connections  for  quick  replace 
ment.  Bulletin  GEA-3318B  de 
scribes  the  equipment  in  detail. 


Rotary  Stylus  Record  (53) 

CONNKCTICUT  TELEPHONE  AND 
Electric  Division,  Meriden,  Conn. 
A  new  iiikless  recorder  has  been 
designed  particularly  for  plotting 
48  complete  stress-.strain  diagrams 
at  one  time.  The  size  of  each  dia¬ 
gram  is  5  X  inches.  The  number 
of  .scanning  cycles  for  48  gages  is 
8  per  minute  with  a  maximum  sen¬ 
sitivity  for  full  diagram  height  of 
1,000  microinches  per  inch. 


COMPLETE 

IMPREGNATION 


TRIPLETT  666 
$15.25 

A.C.-D.C.  VoH* 

(kl(V^250-1000 
0-10-100-500  D.C.MUIs 
0400-250000  Ohmn 
SIm  3x6x2 


Literature 


Flexibility  in  varnished 
tubing  products  assures 
perfect  performance. 

All  Dieflex  tubings  and 
sleevings  have  extreme 
flexibility  and  pliabil¬ 
ity.  to  speed  assembly 
and  cut  coats. 

Besides  their  flexibil¬ 
ity,  Dieflex  products 
are  completely  impreg¬ 
nated  with  insulating 
varnishes,  have  a 
smooth  inside  bore, 
are  non  -  fraying,  and 
have  excellent  “push- 
back*’  and  electrical 
qualities. 

Immediate  ship¬ 
ments  can  be  made  in 
all  standard  sizes  arid 
colors. 

0€k>D 

PUSH-BACK 

UNIFORMITY  OF  QUALITY 
PRODUCT 


NON -FRAYING 


TRIPLETT  666H  ||gK| 

Ssme  as  above  plus 
5000  V.  ranses 

Triplatt  6SOSC  Output  Mstsr  #  i 
Rsswtor  $S4.SO  Spsciul  .  .  ^  >  O.OU 

0-1.5-0-15-60-150  Volts.  4000  OHM  IIl^>e(iaDee. 

3'  Meter  100  Microamp  movement 

Tripistt  6061  .  .  Regular  $16.67  ^  «  Ac 

Vsttags  A  Polarity  Tsstor,  Special  ^11  .VO 

Ideal  for  plant  maintenance  work!  Checks  115-220-440 
line  at  a  glance!  Indicates  AC  or  DC  visuallyl  Indi¬ 
cates  DC  Polarity  visually! 


Receiver  Information.  Howard  W. 
Sams  &  Co.,  2924  East  Washington 
St.,  Indianapolis,  Ind.  Photo  Fact 
Folder  Set  No.  3  has  recently  been 
received  by  subscribers  to  the 
.service.  Each  4-page  leaflet  con¬ 
tains  complete  servicing  informa¬ 
tion,  photographs  and  a  wiring 
diagram  of  a  single  broadcast 
receiver.  When  bound  together, 
the  leaflets  form  a  complete 
service  encyclopedia. 


HIGH  DIELECTRIC 
STRENGTH 


HALLICRAFTERS  S-38 


S-40  (raplacas 
jW  SROt) 

$76.50 

HAMMARLUND-HQ129X  $168 

SpookarfM-HOISOX  $10.50 


COMPLETENESS 
OF  LINE 


Fidelity  Recorder.  Electronic 
Chemical  Engineering  Co.,  443  So. 
La  Cienega,  Los  Angeles  36,  Calif. 
The  Electrone-Tone  uses  motion 
picture  film  for  recording  up  to 
five  tracks  on  a  16-mm  strip.  Other 
widths  give  a  corresponding  in¬ 
crease  or  decrease  in  the  number 
of  tracks.  Film  is  developed  in 
the  conventional  manner.  A  four- 
page  booklet  illustrates  the  equip¬ 
ment  that  is  said  to  record  up  to 
10,000  cycles. 


SMOOTH 

INSIDE 

BORE 


INSULATION  MANUFACTURERS 
CORPORATION 

CHICAGO  CLEVELAND 

MILWAUKEE  MINNEAPOLIS 

DETROIT  PEORIA 

INSULATION  omI  WIRES 
INCORPORARD 

ST.  LOUIS  ATLANTA  HOUSTON 
DETROIT  BLUEFIELD 

BOSTON  NEW  YORK 


A  nliable  amfdifier  vith  2  mike  and  1  phono  inputs, 
two  12*  20  ox.  13  watt  PM  speakers  with  25'  cablea, 
two  12'  walnut  7  ply  wall  limes;  one  crystal  micro- 
phoM  with  table  stand  and  15'  shielded  cable. 

TNI  CHAUINGIRr  $69.65  Complata 

$5  WMt  Sound  Syatooi 

Same  aa  above  exeept  includes  one  speaker  and  bafBe. 


S0%  dapoait  requM  OB  all  C.O JD.  ordeia.  2% 
tnaaportatlon  allowance  on  erden  of  tM.OO  or 
BOfe  aoeoDpaiiied  by  payment  in  foil. 


Colloidal  Graphite.  Acheson  Col¬ 
loids  Corp.,  Port  Huron,  Mich. 
Electronic  applications  of  col¬ 
loidal  graphite  for  shielding, 
cathode-ray  tube  anode  manufac¬ 
ture  and  building  resistance  layers 


TRI-STAR  SUPPLY 
CORPORATIONS 

LOS  ANGELES  SAN  FRANCISCO 
SEAHLE 
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A  new  type  of  instrument 


for  the  measurement 


of  small  capacities 


F.Vv;  STEWART  MFC.  CORP 

4311.13  RAVENSWOOD  AV  I 
CHICAGO  13,  ILL. 

WEST  COAST  BRANCH: 

^31  Venice  Blvd.;  Lo%  An3elet  IS,  Cal. 


KALBFELL  LABORATORIES 


94l|  tOSICRANS  ST.  •  SAN  DIIGO  6,  CALIF 
ManuFocfur*rt  R«pr*f*nrafiv*t  or*  invited  to  reply 


DOUBLE-CHECK  SYSTEM 

^JE-IO  —  Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy  —  Pins  of 
stainless  steel. 


rJE'12  —  (  H  a  r  d  e  n  e.d 
tool  steel  Insert)  or 
JE>I3  (Stainless  steel 
insert)  Miniature  tube 
pin  stralghtener  to 
obtain  a  perfect  fit 
when  the  tube  is  placed 
in  the  set. 


For  compfefe  Information 
and  prices — write 
RADIO  ACCESSORY  DIVISION  • 

STAR  EXPANSION  PRODUCTS  CO 

INCORTOIIATCD 

147  Cedar  St.,  New  York  6,  N.  Y. 


FLEXIBLE  SHAFTS 


that  carry  power 
around  any  comer  have 
many  new  uses  in 
peace-time  develop¬ 
ments.  Faithful,  de¬ 
pendable  power  drives 
or  remote  control  in 
airplanes,  automobiles, 
radio,  and  many  other 
commercial  products. 

Shafts  made  to  your 
specifications.  Our  en¬ 
gineering  department 
will  work  out  your 
particular  power  prob¬ 
lem  without  obliga- 


1a  Measures  capacities  from  1  to  230  Micro-Micro- 
Farads  by  direct  substitution. 

2a  This  capacity  is  measured  at  the  end  of  a  shielded 
cable,  thereby  eliminating  connection  errors. 

3a  Wiring  capacity  in  an  amplifier  may  be  measured 
without  disconnecting  the  load  resistor.  Condensers  as 
small  as  1  MMF  may  be  measured  when  shunted  by 
a  1500  ohm  resistor. 

WRITE  FOR  BULLETIN  4B 


U’rite  today  for 
Mattua/  D 
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iff'iiniiiii  caitTrmTi-imiTwm 


Select  the  NEW  6-1 


CALROD  SOLDERING 


IRONS  with  the  ''non- 
freezing/'  eaty-to- 
repiace,  caiorized- 
copper  tips.  They 
simpiify  maintenance 
In  your  shop.  Gen¬ 
era/  Efecfr/c  Com- 
pmy,5ehon0ctady  / 
5,  Now  York.  >5 


WRITE  FOR  BULLETIN 
GEA-4S19. 


NEW  PRODUCTS 


(continued) 


I  FOR  BETTER 

SOLDERING 


are  well  known.  A  new  technical 
bulletin  presents  the  uses  and 
characteristics  of  “dag”  solutions. 


Go. 


VAN 


CORTLANDT 


593 
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SEdg 
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Technical  Publication  Resumed. 
Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  “The  Collins  Signal”  will 
shortly  resume  publication  after 
a  lapse  of  several  years.  Engineers 
desiring  the  free  publication 
should  write  the  editor. 


(58) 


Diffusion  Pump  Fluids.  Dow 
Corning  Corp.,  Midland,  Mich.  A 
pamphlet  describes  a  method  of 
obtaining  high  vacuums  up  to 
5  X  10‘*  by  use  of  silicone  fluids 
DC702  and  DC703  to  eliminate 
breakdown  of  pumps  formerly 
using  low-vapor-pressure  fluids. 


(59) 


Fiber  Insulation.  Continental- 
Diamcmd  Fibre  Co.,  Newark,  Dela¬ 
ware.  Bulletin  GF16  describes  a 
half  dozen  types  of  insulating 
materials,  their  electrical  and 
mechanical  properties  and  pos¬ 
sible  uses  in  a  14-page  booklet. 


(60) 


Rectifier  Ratings.  General  Elec¬ 
tric  Co.,  Schenectady,  N.  Y.  The 
industrial  phanotron  FG-32  is  a 
low-frequency,  lo’w-voltage,  high- 
current  rectifier  tube.  Increased 
temperature  ratings  have  just 
been  announced  and  are  listed  in 
a  publication  of  the  Tube  Division. 


(61) 


Ship-to-Shore  Radiophone.  Radio¬ 
marine  CJorp.  of  America,  75  Varick 
St.,  New  York  13,  N.  Y.  Model 
ET-8027  radiotelephone  equipment 
has  six  crystal-controlled  channels 
and. a  power  output  of  25  watts.  It 
operates  in  the  frequency  range 


Rectifiers.  W.  Green  Electric  Co., 
Inc.,  130  Cedar  St.,  New  York  16, 
N.  Y.  Three  new  rectifier  publica¬ 
tions  and  a  file  folder  summarize 
the  company’s  bench  and  telegraph 
type  products. 


(62) 


dqID^^ 


COIL 


filters 


.%  .  ore  the  answer 
to  any  network  problem 

■  stt  ARP  CUT-OFF  % 

■  LOW  INSERTION  LOSS 

■  HUM  PROOF 

,  ■  COMPACT  ' ' ' 

HI6H  STABILIl^^^Sj?  ' 


■  To^toi  Coils'^'' 

_  Inductonce— I  MHY  to  3  HYS 

j  :  Frequency— 300  cy.  to  30,000  cy. 

ot  1000  cy.;  ISO  at  3000  cy.* 

^ 

'AsIc .  >o  be  put  on  moili'nq  list  for  complete 
cotologue  of  coils  and  filters  « 


g-ao 


<  -30 


S-105  WIDEBAND  FILTER 


tn  o  o 

ty,  eu  -  -  -  M 

%  Of  CENTER  FREQ.  J 


AcIuqi  meosorements  token  on  ; 
Toroidal  Colt  Fitter  manufactured 
bylumeiUCo. 


^ntinued) 

hnical 
>  and 
itions. 


for  ELECTRK 


Condenser  Plates 
Small  Metal  Stampings 

•  in  accordance  with 
Customer's  Prints 

•  ACCURACY 
•  PRECISION 

•  REASONABLE 

DIE  CHARGES 

Modern  Equipment  and  Factory 
No  Screw  Machine  Parts 

PATTON  -MacGUYER 
COMPANY 

17  VIRGINIA  AVENUE 
PROVIDENCE,  R.  I. 


BOOKS 

FOR  THE 

ENGINEER 


Dim  LIGHT  CO. 


WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 

S^nt^riecL, 


900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  ALgonquin  4-5180-1-2-3 


Si 


NIM  UKUTW 


a 


UNDERSTANDING 

MICROWAVES 

(Chapter  Head*) 

The  Ultra  High  Frequency  Concept 
Stationery  Charge  and  its  Field  •  Mag¬ 
netostatics  •  Alternating  Current  and 
lumped  Constants  •  Transmission  lines 
Foynting's  Vector  and  Maxwell's 
Equations  •  Waveguides  •  Resonapt 
Cavities  •  Antennas  •  Microwave 
Oscillators  •  Radar  and  Communica¬ 
tion  •  Section  Two  is  devoted  to  de¬ 
scriptions  of  Microwave  Terms,  Ideas 
and  Theorems.  Index. 

400  PAGES  PRICE  $6.00 


A-C  CALCULATION 
CHARTS 

Student  engineers  will  find  this  book 
invaluable.  Simplifies  and  speeds 
work.  Covers  all  AC  calculations 
from  10  cycles  to  1000  megacycle*. 

160  PAGES  PRICE  $7.50 


JOHN  F. RIDER,  Publisher, Inc. 

404  FOURTH  AVENUE  NEW  YORK  16,  N  Y 
EXPORT  OlV  ROCKE -INTERHATIONSl  ELEC  CORP 
13  E  40TH  STREET  HEW  YORK  CITY  CABLE  SRIAB 


*■  » 


MODEL  79-B  "  - 

SPECIFICATIONS:  .  * 

FREQUENCY:  continuously  variable  60  to  100,000  cycles. 

PULSE  WIDTH:  continuously  variable  0.5  to  40  microseconds. 

OUTPUT  VOLTAGE:  Approximately  150  volts  positive. 

OUTPUT  IMPEDANCE:  6Y6G  cathode  follower  with  1000  ohm  load. 

R.  F.  MODULATOR:  Built-in  carrier  ntodulotor  applies  pulse  modulation  to  any 
r.f.  carrier  below  100  me. 

MISCELLANEOUS:  Displaced  sync  output,  individually  calibrated  frequency  and 
pulse  width  dials,  117  volt,  40-60  cycles  operation,  size  14  'xlO  xlO  , 
wt.  31  lbs. 

Immediate  Delivery 


MEASUREMENTS  CORPORATION 


BOONTON  •  NEW  JERSEY 
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The 

Original 


SR|^TITE 

^^rWRENCH 

rj^ SPINS  With 
Ease  and  Speed 


Encourages  nimble  hands 
along  the  assembly  line. 
Made  in  eleven  sizes  from 
3/16"  to  5/8"  square,  hex 
or  knurled . 


POPULAR  , 

SPINTITE 
T  73  SET*  Handles 

A  useful  Tool  in  every 
Radio  and  Electrical  Shop. 

Deluxe  T-8  SET  the  same 
with  Plastic  Handles 


S«nd  tor  Catalog 

141  pirtunng  Air-  WALD  E  N 

croft  Radio  and  worc^^er _ 

Automobile  Took. 


468  SHREWSBURY  STREET 


WORCESTER,  MASSACHUSETTS 


ATLAS  SOUND 


NEW  PRODUCTS 


(continued) 


2,000  to  3,500  kilocycles  and  is 
fully  described  in  a  4-page  bulletin 
PCIOI. 


Thermal  Relay.  Thomas  A.  Edi¬ 
son,  Inc.,  West  Orange,  N.  J.  The 
model  501  thermal  relay  is  in 
effect  a  thermal  time-delay  device, 
preset  and  sealed.  Publication 
No.  3007X  tells  all  about  it. 


DOUBLE  REENTRANT 
PROJECTOR 


Contract  Manufacturer.  Lewyt 
Corp.,  60  Broadway,  Brooklyn  11, 
N.  Y.  Some  of  the  manufacturing 
facilities  and  contracting  arrange¬ 
ments  of  the  company  are  de¬ 
scribed  in  newspaper  clipping 
pasteup  form  bound  into  a  16-page 
brochure. 


360  RADIAL. 
CHANDELIER 
PROJECTORS 


Double  Reontrant.  For 
driver  units.  3  and  4 
foot  air  column  lengths. 


I  DRIVER  UNITS 
I  Various  Power  Handling 

Capacities.  Newest 
f  types  of  indestructible 
Phenolic  Diophrogms. 


Connectors.  Cannon  Electric  De¬ 
velopment  Co.,  3209  Humboldt  St., 
Los  Angeles  31,  Calif.  Descriptive 
of  applications  is  a  78-page  loose- 
leaf  book  picturing  Cannon  plugs. 
There  is  no  specific  engineering  or 
ordering  information  in  this  in¬ 
teresting  publication. 


MINIATURE  TYPE 
REENTRANT 
PROJECTORS— 
BOOSTER  SPEAKERS. 

High-efficiency,  Weath¬ 
er-proof.  Complete 
with  Driver  Unit  and 
Universal  Bracket. 


CONE  TYPE 
PARABOLICS  and 
CHANDELIER  RAFFLES 

for  all  siie  cone  speah- 
ers.  Wooden  ond  Metal 
Cone  Speaker  Enclos¬ 
ures.  Boffies,  Carrying 
Cases,  Lend  Speaker 
Support  Stands  and 
Brackets. 


TELEVISION  OVER  BIKINI 


MICROPHONE 
SUPPORT  STANDS 

20  types  and  sites.  All 
Fittings,  Adaptors  and 
Accessories.  Floor 
Stonds,  Desk  Stands. 
Banquet  Stands,  Room 
Stands. 


Write  for  Now 
troted  Catalog  Sheets 


Practicing  for  the  atom  bomb  tests  at 
Bikini,  Captains  Davis  and  Seldomridge 
direct  the  takeoff  of  a  pilotless  B-17.  The 
television  receiver  in  the  foreground 
shows  the  instnunent  panel  of  the  bomber 
while  the  small  control  box  is  used  to 
direct  the  takeoff  and  landing.  The  mother 
plane  controls  the  B-17  in  the  air 


CORPORATION 

1449  39th  St.,  Brooklyn  IB.  N.  Y 
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tfs 


u 

i.  Y. 

JICS 


t  . 


PANSLS 


lINDt  AIR  PRODUCTS  COMPANY 


INSIRIINUNIS 


For  thirty-five 
years  we  have 
been  leaders, 
specializing  in 
the  creation  and 
production  of 
distinctive  etched 
and  litho9raphed> 
products. 

We  serve  the 
leaders  of  many 
industries,  meet¬ 
ing  their  high 
standards  of 
quality  and  pre¬ 
cision  workman¬ 
ship. 

Send  for  newr 
pamphlet 


NEW  15"  TUBE  for  Television 


High  Vacuum.  High  Brilliance.  Magnetic 
Focui  &  Deflection.  Black  &  White  Screen. 
Length  20  V4".  Face  Plate  approximately 
Flat.  Operates  anywhere  from  8.000-15.000 
Volts,  best  at  12.500  Volts.  Write  for  full  data. 
Also  in  production  12-inch  magnetic  tubes. 


ZETKA  LABORATORIES,  INC 


131  GETTY  AYE..  CLIFTON.  NEW  JERSEY 


UNITED  STATES  TELEVISION  MFG.  CORP. 


The  STOUT  HEART  of 

OSCILLOGRAPHS 
is  the  Type  OA-2  Galvanometer 

Bifilor  moving  element,  low  mass,  ultra- 
simple,  takes  less  driving  energy. 
Complete  in  one  unit,  with  magnet  and 
universal  mounting. 

Notuifol  frequency,  10,000  cycles  per  see. 
Sensitivity  to  50  millimeters 
milliamperes  at  one  meter. 
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cwNiiiiwiujm  ti»i|  5IJVW 

with  its  assigned  designation  fol¬ 
lowed,  at  the  option  of  the  manu¬ 
facturer,  by  the  designation  of  the 
former  type.  The  new  system  is 
not  retroactive.  Typical  type 
designations  are  5501,  5712,  5923, 
6234,  and  6545,  as  contrasted  to 
designations  like  1C23,  1N35,  and 
6D25  under  the  system  previously 
in  effect. 


NEWS  OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


Rochester  Fall  Meeting  announcement;  radio 
production  for  August;  color  television  demon¬ 
stration;  meetings  to  come 


Moscow  Radio  Meeting 

A  FOURTEEN-MAN  delegation  from 
various  government  agencies  repre¬ 
sented  the  United  States  at  a 
five-power  preliminary  telecommu¬ 
nications  meeting  held  in  Moscow 
recently  for  informal  preliminary 
discussions  aimed  at  convening  of 
a  world  telecommunications  confer¬ 
ence  sometime  in  1947.  This  con¬ 
ference  would  revise  the  Madrid 
telecommunication  convention  of 
1932,  now  in  effect. 


New  RMA  Tube  Designations  and  Wiring  Standards 


Two  NEW  RMA  standards,  a  chassis 
wiring  color  code  and  a  new  type 
designation  system  for  tubes  other 
than  receiving  and  cathode-ray 
types,  have  been  approved  by  the 
Engineering  Department  of  Radio 
Manufacturers  Association  and  are 
now  in  effect  among  its  members. 

Where  color  coding  is  used,  it 
shall  be  standard  to  employ  the 
following  schedule  of  solid  colors 
for  chassis  hookup  and  component- 
lead  wire  insulation : 


Gray — A-C  power  lines 

White — .ybove  or  below  ground  returns. 

avf.  etc 

For  tubes  and  devices  exclusive 
of  receiving  and  cathode-ray  tubes, 
the  type  designation  shall  consist 
of  a  pure  numeric  starting  with 
5500  and  shall  be  assigned  con¬ 
secutively  and  chronologically  in 
the  order  of  type  number  request. 

A  new’  type  designation  shall  be 
assigned  to  a*  new  version  of  a 
prototype  w’henever  the  new  version 
is  not  completely  interchangeable 
with  the  prototype.  Whenever  a 
new'  designation  is  assigned  to  a 
type  which  is  unilaterally  inter-  The  BASIC  COURSE  for  electronic 
changeable  with  a  former  type,  technician’s  mates  in  the  Navy  has 
such  interchangeability  may  be  been  broadened  from  20  w’eeks  to 
indicated  by  marking  the  new  type  42  weeks,  with  classroom  and 


Navy  Expands  Training 
of  Electronic  Technicians 


Black — Grounds,  grounded  elements,  &  re 
turns 

Brown — Heaters  or  filaments,  oflF  ground 

Bed — Power  supply  B  plus 

Orange — Screen  grids 

Y  ellow — Ca  thodes 

Green — Control  grids 

Blue — Plates 

Violet — Not  used 


Clarence  G.  Stoll,  president  of  Western  Electric  Co.,  receives  the 
Medal  for  Merit,  nation's*  highest  civilian  award,  from  Maior 
General  Harry  C.  Ingles,  Chief  Signal  Officer.  The  accompany¬ 
ing  citation  reads  in  port  "Under  his  direction  and  outstanding 
leadership  his  Company  produced  more  than  30  percent  of  all 
electronic  and  commtmications  equipment  and  more  than  50 
percent  of  all  radar  manufactured  in  this  country  during  the  war." 


Oliver  E.  Buckley,  president  of  Bell  Telephone  Laboratories,  also 
received  from  General  Ingles  on  September  26,  1946  the  Medal 
for  Merit.  The  citation,  signed  by  President  Truman,  reads  in 
part.  "He  displayed  great  foresight  by  expediting  development 
.  .  .  even  before  its  military  value  had  become  apparent,  and 
his  leadership  was  reflected  in  the  highly  effective  collaboration 
of  scientists  ond  technicians.  .  . 
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Almut  every  radio  set  made  in  recent  years  has  a  Magnavox  speaker  or  other  Magnavox  components. 


MAGNAVOX  •••  first  and  foremost  in  the  production  of  quaiity  speakers 


For  35  years  Magnavox  has  spe¬ 
cialized  in  speakers  and  speaker 
satisfaction.  The  oldest  and  largest 
manufacturer  of  loud  speakers,  Magnavox 
is  established  as  the  standard  of  quality. 

Magnavox  designers  and  engineers 
have  achieved  a  breadth  of  experience 
and  knowledge  that  enables  them  to 
meet  your  specifications  exaaly.  Over 
160  different  speakers  are  produced 


expressly  for  the  manufacturing  trade. 

Hard -to -satisfy  research  engineers 
constantly  seek  better  speaker  designs 
and  production  methods.  They  stand 
ready  to  apply  their  developments  to 
your  speaker  problems.  When  you 
need  speakers,  specify  Magnavox. 
There  is  no  substitute  for  experience. 
The  Magnavox  Company,  Components 
Division,  Fort  Wayne  4,  Indiana. 
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laboratory  instruction  increased 
from  800  hours  to  1,680  hours. 
Upon  completion,  the  students  re¬ 
ceive  practical  experience  at  sea  or 
shore  stations  before  becoming  eli¬ 
gible  for  the  28-week  advanced 
course.  These  two  courses  cover 
radio,  radar,  sonar,  loran,  and 
other  recently  developed  applica¬ 
tions  of  a  secret  or  confidential 
nature.  In  addition,  advanced  and 
specialized  courses  in  specific  equip¬ 
ments  such  as  blind-landing  and 
television  are  given. 


FOR  RADIO  AND 
ELECTRONIC  APPLICATIONS 

OMAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
for  electronics  and  television  applications  as 
well  os  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines,  these 
power  units  are  of  single-unit,  compact  design 
and  sturdy  construction.  Suitable 
for  mobile,  stationary  or  emer- 
gency  service. 

Capacity  rang*:  350  to  35,000 
watts;  115  to  volts  A.C.. 

to 

volts  D.C.:  combinatioR  A.C. 
— D.C.  typos. 


Revisions  in  Program  of 
Rochester  Fall  Meeting 

The  technical  program  of  the 
Rochester  Fall  Meeting,  scheduled 
for  Nov.  11,  12,  13  at  the  Sheraton 
Hotel,  Rochester,  N.  Y.,  has  been 
modified  from  the  setup  given  on 
page  262  of  the  Oct.  1946  issue  as 
follows : 

Monday  Nov.  11,  2  :00  p.ni.  gegsion,  add 
Measurement  Methods  for  Ferromagnetic 
Materials,  by  H.  W.  I,amson  of  General 
Radio  Co.,  and  remove  this  paper  from  the 
last  Wednesday  session. 

Tuesday  Nov.  12,  9:30  a.m.  .session,  Some 
New  Tube  Developments  w'ill  be  presented 
by  F.  E.  Gehrke  of  Sylvania  Laboratories 
instead  of  M.  A.  Acheson.  An  additional 
paper  in  this  session  is  Wi«le  Band  I-F  Am¬ 
plifiers  Above  150  MC,  by  M.  T.  Lehenbaum 
of  .Airborne  Instruments  Laboratory,  Inc. 


3557  Royalston  Av*. 


MlRRoapells  8,  Mbia. 


SIMPLE 


PROTECTION  FOR 
COSTLY  TUBES 


Wednesday  Nov.  13.  9:30  a.m.  session, 
add  .Application  of  Selenium  Rectifiers  to 
Receiver  Designs,  by  H.  Heins  and  T.  M. 
I.iiniatainen  of  Sylvania  Electric  Products 
Inc,  2  :tMi  p.m.  session,  add  High  Frequency 
A-M  Broadcasting  Designed  for  Small  Coni- 
innnity  I'se,  by  Sarkes  Tarlzan,  A.  Valdet- 
laro,  and  M.  Weijdel,  consulting  engineers, 
.s  :O0  p.m.  photographic  session — Recent  Dc 
velopments  in  Color  Photography,  by  A.  L. 
TerLoiiw  of  Eastman  Kodak  Co. 


PRECISION 


Here  is  a  simple,  dependably  ac¬ 
curate  and  rugged  control  which 
has  been  specified  by  many  radio 
engineers  because  it  has  been  espe¬ 
cially  designed  for  tube  protection. 
Providing  a  fixed  time  delay  (with 
adjustable  feature),  its  flexibility  of 
design  permits  special  combinations 
and  circuit  arrangements  which  our 
Engineering  Department  can  adapt 
to  your  requirements.  Get  the  long 
run  economy  of  accurate,  highly 
dependable  and  ruggedly  designed 
Cramer  Time  Controls  at  compar¬ 
able  initial  cost.  Write  us  today  for 
engineering  bulletins. 


August  Radio  Output 

A  TOTAL  OUTPUT  of  1,442,767  radio 
sets  was  reported  for  August  by 
RMA  member-companies,  and  the 
corresponding  Bureau  of  Census 
figure  is  1,700,000  sets  by  the  entire 
industry.  RMA  figures  break  down 
into  101,744  console  and  radio- 
phonograph  combinations,  13,892 
f-m  sets,  1,030,183  table  models  of 
the  electric  type,  and  the  rest  bat¬ 
tery  and  auto  sets. 

The  latest  OPA  list  of  radio  man¬ 
ufacturers  includes  names  of  211 
producers  and  20  nonproducers  of 
radio  sets,  along  with  176  manu¬ 
facturers  and  10  norimanufacturer.‘5 


THE  R.  W.  CRAMER  COMPANY.  Inc 
Bok  No.  3  Conlorbrook,  Conn. 


Noytmb^r,  194f  —  ELECTRONICS 


Pcrmaiiciit  accuracy,  high  stability  ood  im* 
padancu  inputl  Yon  got  all  thro#  wHb  ooch 
of  those  throe  voltmeters.  Suitable  for 
laboratory,  tesT  bench  or  production  iinel 
Each  has  a  frequency  and  voltage  range 
adaptable  to  your  por^iculcM*  needs  .  .  . 

sturdy  construction:  easy*to-read  meter  scalesl 

HIGH  FREQUENCY  ELECTRONIC 
_ VOLTMETER  MODEL  32 


RANGE:  O.S  to  300  rolls  r-f  in  five  ranges  (3. 
10,  30,  100  and  300  rolls  lull  scale). 

ACCURACY:  3  per  cent  of  full  scale  on  all 
ranges,  on  sinusoidal  voltages. 

FREQUENCY  RANGE:  500  kilocycles  to  500 
megacycles. 

INPUT  IMPEDANCE:  0.5  to  1  micro-micro¬ 
farad  at  a  Q  of  about  200. 

POWER  SUPPLY;  116  volts  60  cycles  at  30 
watts. 

TUBES:  One  6AL5  in  probe,  two  matched 
6J5GT  and  one  6X50T  rectifier. 

DIMENSIONS:  5%x9^s9^. 

WEIGHT:  8  lbs. 

PRICE:  299.50  F.O.B.  Flusblng.  N.  Y.  (net) 

HIGH  VOLTAGE  ELECTRONIC 
_ VOLTMETER  MODEL  31 


STANDARD  ELECTRONIC  VOLT- 
METER  MODEL  VM-27A 

RANGE:  0.1  to  100  rolts  In  fire  ranges  a-c  and 
d-c.  (1.  3.  10  and  100  volts  fuU  scale.) 

ACCURACY:  2  percent  of  full  scale  on  all 
ranges,  on  sinusoidal  voltages. 

CALIBRATION:  Calibrated  to  read  0.707  of 
peak  on  a-c  voltage,  hence  r.m.s.  of  a  sinu- 
.Hoidal  wave. 

FREQUENCY  RANGE:  2  cycles  to  over  100 
megacycles  with  full  accuracy  from  50  cycles 
to  50  megacycles. 

INPUT  IMPEDANCE:  d-c  input  7  megohm.s, 
a-c  input  4  megohms  at  audio  freoueaeies 
and  at  radio  frequencies  equivalent  to  a 
capacity  of  5  micro-microfarads  having  a 
power  factor  of  0.5  percent. 

’OWER  SUPPLY:  105  to  125  volta  50-60  cycles 
at  30  watts. 

TUBES:  one  6H6  in  probe,  two  matched  6J5QT 
and  one  6X5GT  rectifier. 

DIMENSIONS:  8x8x8,  probe  2  inches  diameter, 
by  4  Inches  long. 

WEIGHT:  11  lbs.  less  probe. 

PRICE:  $150.00  net,  F.O.B.  Flushing.  N.  T. 

MODEL  VM-27-ZC 

Same  a.s  Model  VM-27A,  but  with  means  for 

setting  meter  to  mid-scale  on  d-c. 

PRICE:  $156.00  net,  F.O.B.  Flashing.  N.  Y. 

WRITE  FOR  OESCRimVf  tULUTINS 


RANGE:  10  to  10,000  volta  r-f  in  five  ranges 
(100,  300.  1000,  3000  and  10,000  volts  fuU 

seala). 

ACCURACY:  5  itercent  of  full  scale  on  all 
ranges,  on  sinusoidal  voltages. 

.  REQUENCY  RANGE:  100  kUocycles  to  100 
megacycles. 

INPUT  IMPEDANCE:  Approximately  1  micro- 
microfarad  at  a  Q  of  over  500. 

POWER  SUPPLY:  115  volts  60  cycles  at  30 
watts. 

TUBES:  One  6AJL5  in  probe,  two  matched 
6J5<n  and  one  6X5GT  rectifier. 
DIMENSIONS:  5^Hx9^. 

WEIGHT*  6  lbs. 

PRICE:  $M.50  nat,  F.O.B.  Flushing.  N.  T. 


St.  Louis 

OUTDOOR 

' 9  RUGGED 

MICROPHONE 

One  of  the  "Finest  Line  of  Modern 
Dynamic  Microphones,"  Each  engi¬ 
neered  to  fit  your  specific  applica¬ 
tions.  Modern  design — Rugged  con¬ 
struction.  Ranges:  40  to  9000  Cycles. 
Built  to  take  the  toughest  treatment 
under  the  worst  operating  and  cli¬ 
matic  conditions.  Alnico-V  Magnet. 
Variable  Impedance  output  adjustable 
to  low,  200,  500  or  high.  Gunmetal 
Gray,  Black  Lacquer  or  Olive  Drab 
Finishes. 

Write  today  for  further  information 
on  the  Complete  St.  Louis  Line. 

L/caniat/  under  pat»nU  of  ilf 
American  Ta/.  S)  Ttl.  Co.  and 
IVasfarn  Elactric  Company,  Inc. 

ST.  LOUIS  MICROPHONE  CO. 

2726-28  Brentwood  Blvd. 

St.  Louis  17,  Missouri 


Measuring  1^”  x  254”  x  this 

acrylic  stand-off  insulator  holds 
vertical  whip  antennas  erect  in 
marine  radio  installations.  A  brass 
strip  with  wing  nut  swings  open  to 
permit  easy  removal  for  low- 
bridge  underpassing.  This  is  an¬ 
other  typical  example  of  Printloid’s 
ingenuity  with  plastics. 


Write  for  our  new  1946  catalog  of 
special  plastic  fabrications. 

Fie  House  That  Plastic  Built** 


rr^TiC  fABUCATION 


DEPT.  E 

S3  MEKU  STUn.  NEW  VOW  12.  U  V 


Complete 

plastic 

fabrication 


ORiROOr 


ALFRED  W.  BARBER  LABORATORIES 


34-06  FRANCIS  LEWIS  BLVD. 
FLUSHING  •  NEW  YORK 


HEYCO  SOLDERING  LUGS 

Avallobla  In  various  tizas  and 
thapas.  These  copper  lugs  ora  easy 
to  opply.  Samples  free. 

HEYCO  STRAIN  RELIEFS 

Three  low-cost  types.  Prolong  ap¬ 
pliance  life. ..  Improve  product 
performance ...  Act  os  grommet. 
Samples  and  literature. 

HBYMAN  MANUFACTURING  CO. 
S10  MUhigcm  Ave.  Kenilworth,  N.  J. 
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of  phonographs.  OPA  oftkials  be¬ 
lieve  that  many  newcomers  dropped 
out  upon  receiving  unsatisfactory 
price  ceilings  or  have  stopped  pro¬ 
ducing  as  well-known  brands  be¬ 
came  plentiful. 


Live*  Pickup  Demonstrateil 
with  LHF  Color  Televisiou 

Successful  demonstration  of 
color  television  for  live  pickups 
has  been  announced,  using  a  studio- 
type  orthicon.  Images  were  viewed 
in  a  fully  lighted  room.  Color 
breakup  in  fast  sports  scenes  such 
as  boxing  was  not  discernible,  ac¬ 
cording  to  the  CBS  press  release. 
Remote  live  pickup  color  equipment 
for  both  outdoor  and  indoor  events- 
is  scheduled  for  operation  by  the 
end  of  the  year.  A  new  aluminum- 
backed  cathode-ray  receiving  tube 
that  concentrates  the  light  on  the 
viewing  screen  was  used  in  the 
receivers. 


SIGMA  Type  41  RO  (DC);  41  ROZ  (AC) 
NEW  FEATURES  OF  THIS  DESIGN: 


One  rectifier  for  at!  circuits 
with  A.C.  voltages  and  D.C. 
currents  within  the  unit's 
rating  —  that  is  Bradley's  new 
"Coprox"  Model  CX2E4U. 

Pre-soldered  leads  to  pre¬ 
vent  overheating  during  as¬ 
sembly  and  other  Bradley 
features  are  embodied  in  this 
useful  model,  which  offers  3 
rating  ranges  as  a  half-wave, 
2  as  a  dauble  half-wave,  2 
os  a  full  back-to-back,  and 
one  as  a  full  wave  bridge. 

Write  for  the  CX2E4U  Cir¬ 
cuit  Sheet  for  complete  data. 


•  Fits  octet  socket. 

•  Outline  dimensions  :  I x  I 
ebove  socket. 

Permits  lining  up  contiguous  relays  as 
close  together  as  the  smallest  octal 
sockets  will  permit. 


Radio  for  Private  Fliers 

Two  NEW  FREQUENCIES  to  be  used 
by  private  aircraft  will  be  guarded 
by  the  Civil  Aeronautics  Adminis¬ 
tration  beginning  Jan.  1,  1947. 
These  are  121.1  me  for  air  to 
ground  communication,  and  122.5 
me  for  air  to  ground  communication 
at  airport  control  towers.  The 
present  frequencies  131.7  and  131.9 
me  for  these  purposes  will  continue 
to  be  guarded.  It  is  expected  that 
some  time  may  elapse  before  all 
municipal  and  private  airports  ac¬ 
quire  the  necessary  vhf  equipment 
to  match  this  CAA  service  for 
private  fliers. 


Features  of  All  SIGMA  Series  41  Relays: 


•  DC  sunsitlvify:  —  0.020  watts 
(min.  input.) 

•  AC  sensitivity:  —  0.1  volt-ampere 
(min.  input.) 

One  standard  IIO  volt  AC  model 
draws  about  1.5  milliampere. 

•  Contact  ratings  up  to  15  amperes  on 
low  voltage. 

•  High  quality  construction — mechan¬ 
ically  rugged. 

•  Very  low  cost. 


Iflvatroted  literofure, 
oyoilable  on  request, 
skews  more  models  of 
copper  oxide  rectifier^ 
piUI  o  line  of  selenttNn 
re^lDefs  ond  pkotocelb- 
for  "The  BrotBer 


MEETINGS  TO  COME 

Nov.  11-13;  Rochester  Fall 
Meeting;  Sheraton  Hotel,  Roches¬ 
ter,  N.  Y. ;  technical  papers  and 
exhibits. 


Nov.  11-14;  International  Mu¬ 
nicipal  Signal  Association;  An¬ 
nual  Meeting;  Miami,  Florida; 
technical  program  and  exhibits 


rklays 

62  Ceyloii  St.,  Boston  21,  Mass' 
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loneer 


D.  M.  STEWARD  MEG.  COMPANY 


•  The  meeting  of  extraordinary 
applications— the  designing  and 
developing  of  nevr  ond  specialized 
transformers —  these  are  the  day-by¬ 
day  jobs  Electronic  Engineering  it 
known  for  doing  well 


With  T2PC  Plastic  Lens 


With  T2MC  Glass  Lens 


^  will  meet  yoor  most 

exacting  requirements,  ordinary  or 
unique— and  the  finest  engineering 
talent  and  most  complete  electronic 
laboratories  availoble  are  ready  to¬ 
day  to  consult  with  and  help  you. 


T2  lampholder,  molded  of  hakelite, 
holding  lip,  dia.  11/16".  Tip  of  lamp 
bulb  protrudes  sufficiently  to  be  re¬ 
moved  from  front  of  panel  without 
use  of  special  tool. 

Very  low  current  consumption  bulb 
(0.0.)8  max.  amp.  on  24  volts).  Series 
resistor  of  small  size  on  120-220-440 
volts,  etc. 

T2PC  Lens-cap,  molded  in  plastic. 
T2MC  Lens-cap,  metal  with  glass  lens. 

WMITt  TODAY  POD  CATALOGUi 

THE  H.  R.  KIRKLAND  COMPANY 

8  Klaq  Str*«t  Morristown,  N.  J. 


Eloctronic  Enginoorlnq  Company,  Inc.,  3223*9  W.  Armitoqo  Avo..  Chicaqo  47,  III. 


New!  PRESSURIGRAPH 

LINEAR  PRESSURE  —  TIME  —  CURVE  INDICATOR 


Indicates  in  lin-  VjjHP  ^ 

ear  response.  ■L: 
on  Ik 

pressure  •  time  *  I 

curve  oi  any  in-  TB  I 
combus- 

pump,  airline,  or  |p^ 
other  pressure 
system  where 
pressure  meas- 
urements  ore  de¬ 
sired.  Covers  wide  range  oi  engine  speeds  and  pressures  up  to 
10.000  p.8.i.  Screws  into  cylinder  and  con  be  calibrated  using 
static  pressures.  Vibration-prool.  Accurate.*  dependable  for  fre¬ 
quent  engine  tuning.  Simple  operation  —  only  one  control. 

Also  Pioneer  Manufaefurers  of 


STEATITE 

CERAMIC 


Proportiof  and  Choroetorbtkt  of  Oor 
LAVITf  S1-S  Stoatito  Caromie  lody 

Coin^r«Mivc  Strength  . 

TmiciI*  Strangth  . 

Xlaaural  Strength  . 

Mennlu*  •<  Rapture . 

Dielectric  Strength  . 

Dielectric  Ceastant  . 

l-oaa  Sactar  . 

^wer  Factor  . 

Bulk  Specific  Oravity . . . 

M^ity  (from  above  gravity) .. O. OSS  Iba.  per  cubic  inch 

Mardneea  <Mahr  acale) . 7.0 

teftening  Temperature  . 2.S50  F. 

Linear  Coefficient  of  Sxpanaion . S.lSnlO— 

Moitture  Absorption  (ASTW  D-11S-4S-A) . O.OOfiOe 

Design  engineers  and  manufacturers  in  the  radio, 
electrical  and  elearonic  fields  are  finding  in 
LAVITE  the  precise  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
nrength,  low  moisture  absorption  and  resistance 
to  fumes,  adds,  and  hifffi  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  pins  its  excel¬ 
lent  workability  makes  it  ideal  for  all  high  fre- 
tjo^cy  applications. 

we  Will  gladly  supply  samples  for  tssting. 


Freguoncy  of 
1  megacycle 


THE  FAMOUS 


BATTERY  ELIMINATORS 


A  complote  lin*  —  Models  for  use  anywhere  beyond  high  line  connections 
(operate  from  6  volt  battery)  —  Others  for  operation  from  110  Tolt  AC.  Improve 
radio  reception.  Greotly  reduce  battery  drain. 

For  cempfefe  Mermafion  write 

ELECTRO  PRODUCTS  LABORATORIES 

549  W.  Randolph  St..  Chicago  6.  III.  Phone  STofe  7444 
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cuit  conception  and  devel¬ 
opment  now  possible  with 
Victoreen  sub-miniature 
electrometer  vacuum  tubes. 


Consider  these  factors  for 
research  .  .  .  laboratory .  .  . 
production : 

1.  Low  filament  drain  10  milliamperes. 

2.  High  input  resistance  1016  ohms. 

3.  Versatility  in  instrumentation  for 
chemical,  oil,  nuclear  physics 
research,  etc. 

4.  Ideal  for  electrometer  applications. 

5.  Extreme  portability — low  battery 
drain. 

Available  As 

DIODES 

TRIODES 

TETRODES 

PENTODES 


Actual  size 


Victoreen  hi-megohm  resis¬ 
tors  are  specially  designed 
for  the  hard  applications 
where  stability  with  long  life 
is  required.  Designed  for  lab¬ 
oratory  use  and  fine  instru¬ 
mentation.  Vacuum  sealed  in 
glass  to  cover  a  range  of 
100  to  10,000,000  megohms. 

Write  for  technical  data  book- 


THE  VICTOREEN  INSTRUMENT  CO. 

3800  PERKINS  AVENUE 
CLEVELAND  14,  OHIO 


cover  fire  and  police  radio,  signal- 
in  jr.  etc. 

Nov.  19-21;  Communications  Sec¬ 
tion,  Association  of  American 
Railroads;  Annual  Session;  Hotel 
Statler,  Detroit,  Mich.;  four  papers 
on  communications  subjects. 

Nov.  18-22;  The  National  Metal 
Exposition;  Municipal  Auditor¬ 
ium,  Atlantic  City,  N.  J.;  held  in 
conjunction  with  annual  meetings 
of  The  American  Industrial  Radium 
and  X-ray  Society,  The  American 
Welding  Society,  The  American  So¬ 
ciety  for  Metals,  and  two  sections 
of  the  American  Institute  of  Min¬ 
ing  and  Metallurgical  Engineers. 
Of  more  than  70  techni&al  papers 
to  be  delivered  at  ASM  meetings, 
one  each  day  in  the  afternoon  will 
be  devoted  to  Electronic  Methods  of 
Inspection  of  Metals. 

Dec.  2-7;  National  Power  Show 
Grand  Central  Palace,  New  York 
City. 

Dec.  5-7;  Joint  EMSA  and 
ASXRED  WiNTiat  Meeting;  Mellon 
Institute  of  Industrial  Research  and 
Univ.  of  Pittsburgh,  Pittsburgh, 
Pa.;  sponsored  by  Electron  Micro¬ 
scope  Society  of  America  and 
American  Society  for  X-ray  and 
Electron  Diffraction;  make  dinner 
reservations  with  Dr.  Max  Lauffer, 
Univ.  of  Pittsburgh. 

Jan.  23-26;  Society  of  the  Plas¬ 
tics  Industry;  technical  papers 
and  exhibit ;  Edgewater  Beach 
Hotel,  Chicago. 

Jan.  27-31;  Electrical  Engineer¬ 
ing  Exposition;  held  concurrently 
with  AIEE  winter  convention;  71st 
Regiment  Armory,  New  York  City. 

Jan.  27-31;  International  Heat¬ 
ing  and  Ventilating  Exposition; 
Lakeside  Hall,  Cleveland,  Ohio. 

BUSINESS  NEWS 

Bendix  Aviation  Corp.  has  been 
for  many  months  engaged  in  re¬ 
search  on  controls  and  engine  acces¬ 
sories  for  guided  missiles  and  pilot¬ 
less  aircraft,  with  Dr.  Harner 
Selvidge,  formerly  of  Johns  Hop¬ 
kins  University,  as  director.  Two 
laboratories  are  devoted  exclusively 


4  Tq\  HELP  YOU  WITH  YOUR 
SHEET  METAL. FABRICATION 

requirements!  .  . 

''"Z'  r.-' 


^SHEET  METAL  PRODUCTS  — 
such  ai:  . 

INSTRUMENT^  PANELS,  RADIO 
^COMMUNICATION  CASES  and 
ENCLOSURES,  OSCILLATOR 
boxes!  CHASSIS  and  CABINET 
ASSEMBLIES  RACKS  and  SPARE 
PARTS  BOXES.  WATERPROOF 
CABINETS  and  BOXES,  METAL 
STAMPINGS,  FORMING  and 
WELDING  of  FERROUS  and 
NONFERROUS  METALS. 

^  Wa  can  assure  you  of  ascellent 
^<4£workm  and  prompf  deltv* 

.  ertos.  Send  us  your  blueprints  and 
^  ^  We  shall  quote  you 

immediately.  ^  " 


S.  Walter  Co. 

PRECISION 

SHEET  METAL  PRODUCTS 
144  -  146  CENTRE  STREET 

BROOKLYN  31,  NEW  YORK 
Tel  MAin  4.73R5 
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Optical  Glass 
Specialties 


Television  Reflectors 


ft  ri7un.H4S0-i 

OlViS  (liff«r«n* 

■"»«•■'  •"  '•" 

lor  _ _ _ _ 

S.S.WHIU 


•  Noiseless  in  operation 

•  Strong  and  durable 

•  Good  performance  in  all 

climates 

STANDARD  RANGE 
1000  ohms  to  10  megohms 
•  NOISE  TESTED  • 

At  slight  additional  cost,  resistors  in  the 
Standard  Range  are  supplied  with  each 
resistor  noise  tested  to  the  fdllowing  stand* 
ard:  "Pbr  the  complete  audio  frequency 
range,  resistor  shall  have  less  noise  than 
I  corresponds  to  a  change  of  resistance  of 
j  1  part  in  1,000,000." 

HIGH  VALUES 

15  to  1,000,000  megohms 


mi  S.  lb  WHin  DINTAl  MIO.  CO. 


INDUSTRIAL 


DIVISION 


_DIPy.  R.  10  lAST  «0tk  IT..  MIW  TORR  10.  N.  T... 

rUSMU  SNAm  •  MSIMI  matt  tOOU  •  AiaCtAST  ACCmOSMt 

Muku  cwniNe  ana  AAiwetw  teoit  •  smciat  retMwiA  mmmss 
MOWS  mmtnm  •  masnc  osomw  •  ceMiiAO  PiAsna  «ewM» 

Ctfc  0^  /4meniceu  A4AA  *ituUt4^ini  S*tiUH^M4€4 


Precision-polished  optical 
face  plates  for  cathode  ray 
tubes 

Optical  lenses,  prisms 
and  flats 

PS  Precision-Bore  Glass  Tubes 
with  bore  exact  within  .0002" 

Contact  us  for 

such  requirements 

FISH-SCHURMAN  CORPORATION 
230  East  45th  St..  New  York  17.  N.  Y. 


M 


irarKRinniTTi 


it  Here,  In  expanded  plant  facilities,  GRACOIL  Coils  and  Transformers  ore  expertly  designed 
and  built  to  exact  specifications.  Plan  your  next  product  with  GRACOHS. 

THE  GBAHEB  COMPANY 

EsfabllsJted  hi  193S 

Electrical  Coils  and  Transformers 


2734  N.  PULASKI  RD.. 


CHICAGO  39.  ILL. 


KADIONIC  EQUIPMENT  CO. 

•  70  Nusau  St..  Dept.  4011,  New  York  7.  N.  Y. 

,*^*t*?*  •  FREE  copy  of  your  1947 

LAtAlog.  I  underetand  it  hu  thousands  of 
Hrau  illustrated,  described  and  priced  and 
ynii  a  great  help  to  mo  in  my  search  for 
hard-to-flnd”  radio  equipment. 


*^'7  .  State. 
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A  Vt'ell  Known  Name  in  Radio  for  Over  20  Yearv. 


Of  A  SIRIES 


^(J^cSlLriS©!?  powers  the  finest 
Communications  Equipment^^^ 


#  To  provtdo  relieblo  power  for  their  famous  mobile 
tranimitters,  F»d*raf  TofepboR*  a»d  Radio  Cor* 
poroffoR  standardhes  on  CARTER  GENEMOTORS. 
Fedonri  tranimitters  are  always  ready  tor  instant 
action  .  .  .  because  CARTER 
GENEMOTORS  supply  instant 
t  power!  Guaranteed  tor  over 

-•  •ik  IW.OOO  transmissions  ...  a 

decade  of  average  use! 


power 


WRITE  FOR 
ILLUSTRATED 
CATALOG 


Full  Power  in  3/IOths 
of  a  second 


2«44  N.  MAPLEWOOQ  AVENUE  •  CAILE:  GENEMOTOR 


ACOUSTICAL  MEASUREMENTS 

made  easily,  accurately,  and  efficiently  with 

HIGH  SPEED  GRAPHIC  RECORDER 


NEWS  OF  THE  INDUSTRY  (continued) 

to  this  work,  one  at  the  Eclipse-Pi¬ 
oneer  division  in  Teterboro,  N.  J. 
with  R.  Beardsley  Graham  as  chief 
engineer,  and  the  other  at  the  Pa¬ 
cific  division  in  North  Hollywood, 
California  with  Rollin  M.  Russell 
as  executive  engineer. 

North  American  Philips  Co.,  Inc. 
has  moved  its  Wire  Division  from 
Dobbs  Ferry,  N.  Y.  to  Lewiston, 
Maine.  A  new  addition  has  been 
erected  to  house  the  added  produc¬ 
tion  operations  there. 

A.  W.  Franklin  Mfg.  Corp.  has 
relocated  in  a  modern  new  building 
at  43-20  34th  St.,  Long  Island  City, 
N.  Y. 

The  Indiana  Steel  Products  Co. 
has  acquired  approximately  14  acres 
of  land  along  the  Saw  Mill  River 
Parkway  in  Greenburgh,  New  York 


Axtiat'i  skatch  of  new  magnet  plant 


as  a  site  for  their  proposed  new  and 
ultramodern  plant  to  be  used  largely 
for  production  of  special  products 
in  the  permanent  magnet  field. 


A  unique,  versatile  instrument  for  the  acoustical 
engineer.  Interchangeable  input  potentiometers 
in  various  ranges  (log.  DB,  linear,  phon). 


MODEL  PL 

•  Reverberation 
Time 

•  Decay  of 
Sound 

•  Sound 
Intensities 

•  Loudness 

Write  lor 
technical  data 


DESIGNERS  A  MFRS.  OF  GRAPHIC  RECORDING  INSTRUMENTS 


SOUND  APPARATUS  CO. 

y  3  3  BROADWAY  •  NEW  YORK  7,  N.  Y 


Sentinel  ;Laboratories,  Philadel¬ 
phia,  Pa.,  has  opened  an  electronics 
engineering  service  for  research, 
design,  and  development. 

Sterling  Electronic  Co.,  Pasa¬ 
dena,  Calif.,  has  been  formed  re¬ 
cently  with  J.  S.  Jackson,  Jr.,  as 
president,  and  production  of  elec¬ 
tronic  volt-ohmmeters  is  under  way. 

Farnsworth  Television  &  Radio 
Corp.,  Fort  Wayne,  Ind.,  demon¬ 
strated  a  complete  vhf  railroad  ra¬ 
dio  communications  system  at  Po¬ 
tomac  Yard,  Washington,  D.  C. 
Sept.  11  for  railroad,  government, 
military,  civic,  press,  and  radio 
representatives. 

McGraw-Hill  Book  Co.,  Inc.,  New 
York,  N.  Y.  announces  a  change  of 
policy  whereby  catalog  descriptions 
of  their  books  will  contain  the  year 
of  publication  or  last  revision. 
Prices  on  approximately  90  percent 
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LOOK  TO 


EISLER  EQUIPMENT* 

COMPLETE  AND  DIVERSIFIED  FOR  EVERY  PHASE 
.  OF  ELECTRONIC  MANUFACTURE! 

TRANSFORMiRS: 


I  HHnjr  VHfncHJ  of  all  typos  —  furnaco,  distribution,  powor,  phase 
changing,  air,  oil,  induction,  water  cooled,  plate,  filament  and  auto-trans* 
formers.  Filter  chokes  and  inter-phase  reactors. 


vtcKTioN  cmaurri 


■  O  some  men  radio"  is  a  magic 
word.  It  pigues  their  curiosity -hres 
their  imagination —spurs  them  to 
action!  Their  every  thought  is  devoted 
to  mastering  the  complex  mechanisms 
by  which  radio  is  controlled. 

Experience  has  proved  that  such  men. 
with  radio  in  their  blood,  make  the 
finest  technicians.  As  they  say,  in 
measuring  top  talent  radio  programs, 
these  men  have  a  high  "Hooper”  — 
they’re  tops! 

It  has  been  our  good  fortune  to  at¬ 
tract  as  students  and  to  develop 
thousands  of  such  men  from  "hams" 
into  well  qualified  technicians  in 
broadcasting, communications,  sound, 
manufacturing,  sales  and  service. 

Yes,  since  the  inception  of  radio  we 
have  helped  direct  the  destinies  of 
thousands  of  aspiring  men  seeking 
an  outlet  for  their  talents.  During  the 
past  four  decades  we  have  acquired 
an  interesting  insight  into  the  motives 
which  inspire  mechanically  minded 
men  to  apply  their  skill  and  training 
to  assure  maximum  efficiency  on 
the  job. 

For  this  reason  we  believe  we  can  be 
of  service  to  you  in  your  personnel 
problem-as  it  applies  to  your  techni¬ 
cal  staff. 

We  think  you’ll  be  interested  in  our 
observations,  as  they  apply  to  YOUR 
personnel  problems.  We  feel  certain 
you’ll  want  to  clip  the  coupon  below 
and  send  for  our  free  booklet  "Report 
to  Industry."  Whether  you  employ 
one  man  or  hundreds,  you  will  enjoy 
this  factual,  informative  presentation. 
Send  for  it  today!  No  obligation. 

NATIONAL  SCHOOLS 

FioHctn  »/T*thnica/  TraJe  Training  Since  t90> 
Figueroa  at  Santa  Barbara 
Los  Angeles  37,  California 


as  a  source 


WASHERS  manufactured  to 
for  Binding  Screws  youf  specifications 

WHITEHEAD  STAMPING  CO. 


Detroit  16,  Michigan 


1691  W.  Lafayette  Blvd 


Fill  out  and  mail  to 
Public  Relations  Director 
National  Schools- Figueroa  at  Santa  Barbara 
Los  Angeles  37,  California 

Please  send  me  "Report  to  Industry” 
No.  E-U 

Name: _ _ _ 


XCELITE  Bcrawdrivart  giv*  you  a  lifotimo  of  oifieioiit  um.  Thoir  SAE 
6150  Chromo  Vanadium  atool  thait*  or*  finnlr  oncherod  in  tough, 
gonuino  XCELITE  handlos  that  fit  your  grip  porfoctly*  XCELITE  blados. 
ground  longthwiso  with  tho  flat  bolt,  won't  slip  off  tho  serow  slot 
•osily.  Koop  ooriiing  your  doalor  for  XCELITE  .  .  .  yea'll  soon  soo 
thorn  in  quonHtyl 

PARK  METALWARE  CO..  INC. 

■R  ^  Dept.  C.  Orehord  Porh,  New  York 


Address 


PREFERRED  BY  EXPERTS 
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AGAIN 

and 

AGAIN 

We  Hear  It  Said: 

THERMOSTATIC 

SOLDERING  IRONS 

,  ARE  THE  Wr 
AT  ANY  PRICE!" 


THKRMOSTATIC 
SOLDERING  IRON 


of  their  books  were  raised  as  of 
July  1, 1946  to  meet  increased  costs. 

Federal  Telecommunication  Lab¬ 
oratories,  Nutley,  N.  J.,  demon¬ 
strated  to  the  press  Sept.  9  an 
adaption  of  I.T.&T.’s  pulse  time 
modulation  system  whereby  eight 


r,«f 


A  Division  of 

Sound  Equipmfnt  Coporation  of  California 
3903  San  Fernando  9d.  .  Glendale  4.  Calif. 


Parabolic  antenna  used  in  eigi  '-channel 
ptm  demonstration,  with  Henri  'signies 
(left)  and  H.  H.  Buttner.  director  and  presi¬ 
dent  respectirely  of  Federal  Telecommuni¬ 
cation  Laboratories 


separate  radio  broadcast  programs 
can  be  placed  on  one  carrier  fre¬ 
quency  and  radiated  over  one 
antenna. 

Barker  &  Williamson,  Upper 
Darby,  Pa.,  have  leased  a  new  fac¬ 
tory  building  in  Bristol,  Pa.  for  spe¬ 
cial  and  developmental  work. 

Bendix  Radio  Division,  Baltimore, 
Md.  has  been  granted  an  experi- 
•mental  license  by  the  FCC  for  a 
full-color  television  broadcasting 
station,  to  be  located  in  their  Tow- 
son,  Md.  plant. 

WoRNER  Electronic  Devices,  Chi¬ 
cago,  is  moving  into  its  own  new 
plant  in  Rankin,  Illinois. 

Philco  Corporation,  Philadelphia, 
has  started  production  of  radio- 
phonograph  combinations  in  its 
new  $2,250,000  plant  in  Philadel¬ 
phia,  adjoining  the  main  Philco 
plants.  When  in  full  operation,  the 


CUSTOM 
MADE 


COAXIAL 

CABLE 

and 

TUBING 


f  Development  of  for- 
mulations  rigidly  tested 
mK  to  meet  exact  specifica- 
tions  has  made  Surprenont 
W  a  leader  and  authority  in 
J  the  held  of  plastics  insulated, 
high  frequency,  low  loss  co¬ 
axial  cable  and  tubing.  A  diver¬ 
sity  of  facilities,  wide  range  re¬ 
search  and  engineering  service, 
unexcelled  laboratory  equipment, 
and  a  wealth  of  experience 
enable  us  to  match  in  every 
i  detail  the  requirements  you 
\  name.  We  would  appreciate 
The  opportunity  to  furnish 
complete  technical  data. 


Dept.  C 


ELECTRICAL  INSULATION  CO 


199  Wathlegtee  St.,  Bostee  7,  Moss. 
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lllCTRDNK 

COUMTW 


COUNT  AND  CONTROL  FAST! 


Illinois 

CONDENSER  COMPANY] 


1616  N.  THROOP  ST. 
CHICAGO  22,  ILL. 


Find  Out  Now  About 

★  star  ★ 

CERAMICS 


There  are  many  kinds  for 
special  uses,  such  as  appli¬ 
cations  calling  lor  resistance 
to  electricity*  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  ol  iormulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts."  It  is  right  to  the  point. 


The  STAR 
PORCELAIN  CO. 

Eleetresies  Dept. 

Trenton  9,  N.  J. 


dum- 


money-saving  instrument 


•  For  procoMot  requiring  a  ropid-  •  For  accurate  centrel  ei  length 

ly  repeated  operation  to  occur  and  spacing  ol  slide  iosteners. 

after  a  predetermined  number  ei  •For  use  in  automatic  packaging 

counts!  of  objects  such  as  buttons  ond 

•  For  counting  ond  stacking  sheet  pills. 

metal.  •  And  for  mony  other  operations 

throughout  industry. 

This  instrument  uses  three  to  lour  standard  Potter  4-tube  counter  decade 
circuits  arranged  to  give  two  independent  predetermining  channels  in  which 
any  number,  from  0  to  10,000,  may  be  initially  set  up.  Each  channel  is  alter¬ 
nately  pre-set  to  jhe  desired  predetermined  number  by  automatic,  self-con¬ 
tained  circuits  at  a  speed  not  obtainable  with  predetermined  mechanical 
counters  The  input  is  arranged  for  operation  with  either  make-contacts  or 
sharp  negative  pulses  Input  frequencies  may  be  in  excess  of  1000  cycles 
per  second  The  output  includes  an  ultra-high  speed  relay  with  single  pole 
double  throw  contacts  The  standard  unit  may  be  ordered  for  a  total  count 

\ capacity  of  lOCO  to  10,000  with  either  the  single  or  dual  predetermining  chan¬ 
nels  Other  count  capacities  on  special  order  Write  for  additional  details. 


1 

^^P/TT 


MdtlS 


DIVISION 

^eite/ce  Ai 


CARTER  RADIO  DIVISION 

PRECISION  PARTS  CO. 
213  Institute  Place 
Chicago  10.  Illinois 

Wirf^o  for  Ml  doteHs 
and  catahguo  today 
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w.  don't  quoranteo  that  the 
NEW  BUD  METAL  WALL  TYPE 
SPEAKER  CASE  will  stand  up 
against  a  sledge  hammer  .  .  .  but 
we  do  say  that  it  is  not  subject  to 
the  cracking, ,  splitting  and  warping 
that  characterise  ordinary  wooden 


speaker  cases.  • 


This  new  metal  wall  type  speaker 
case  is  not  only  superior  in  appear¬ 
ance  and  construction  .  .  .  but  it 
has  reproduction  conKibilities  equal 
to  the  finest  wood  housings.  Keywoy 
holes  are  proTlded  for  woll  mount¬ 
ing  and  there  are  four  embossed  feet 
on  the  bottom  ifi  cose  you  require  its 
use  on  a  table  or  other  surface.  It 
is  finished  in  o  rich  brown  wrinkle. 
Your  local  distributor  will  be  glad 
to  show  this  BUD  Speaker  Cabinet 
to  you! 


BUD 

Can  Supply  All  Your 
Needs! 


.  .  .  with  the  latest  types  of  equip¬ 
ment  including:  condeiuers — chokes 
—  coils  —  insulators  —  plugs  — 
lacks  —  switches  —  dials  —  test 
leads  —  jewel  lights  and  a  complete 
line  of  ultra-modem  cabinets  and 
chasiUs. 


BUD  RADIO,  INC. 


CLEVELAND  j,  OHIO 


new  plant  will  have  continuous  ra¬ 
dio  production  lines  claimed  to  be 
the  longest  in  the  world. 

Electro-Voice  has  combined  all 
facilities  of  its  three  South  Bend 


New  Electro-Voice  plant  for  manufacturing 
complete  line  of  microphones 


plants  in  one  big  modern  plant  14 
miles  north  in  Buchanan,  Michigan. 

Radio  Engineering  Laboratories, 
Inc.,  Long  Island  City,  N.  Y.  has 
tentatively  scheduled  for  Dec.  2,  3, 
and  4. an  f-m  engineering  clinic  to 
be  headed  by  Frank  A.  Gunther,  de¬ 
voted  to  review  of  f-m  theory  and 
solution  of  problems  facing  f-m 
broadcast  station  engineers.  REL 
engineers  and  outstanding  engi¬ 
neers  in  the  f-m  field  will  partici¬ 
pate. 

RCA  Victor  Division,  Camden,  N. 
J.  has  made  initial  deliveries  of  land 
and  mobile  f-m  transmitters  and  re¬ 
ceivers  to  the  three  Bell  System 
companies  that  will  provide  two- 
way  highway  radiotelephone  serv¬ 
ice  on  or  in  the  vicinity  of  the  Bos¬ 
ton  Post  Road  running  between 
New  York  and  Boston.  Six  250- 
watt  land  transmitters  will  be  used, 
operating  in  the  30-44  me  band. 

Collins  Radio  Co.,  Cedar  Rapids, 
Iowa,  maintains  a  technical  staff  at 
its  private  hangar  on  Cedar  Rapids 
Municipal  airport,  for  the  purpose 


Baechcroft  on  apron  of  Collins  hongor  after 
Installation  of  Collins  type  17H-2  multi- 
chonnel  transmitter 


A  major 
advancement 
in  the 

recording  blank 


After  preleegsd  rcMorch  end  eiperl- 
mentatioN.  we  have  IntredHced  te^ne- 
leglcol  imprevemeeti  fete  “Heck 
Seel"  blanks  that  net  only  IncreaM  life 
span,  bet  materially  ^enhance  the  other 
finer  characterltflct*^  of  thoM  blanks. 
And  to  potitive  are  we  of  the  worth 
of  these  perfected  "Hack  Seolt”  that 
we're  offwing  them  to  you  on  an  «n- 
condlHenal  ten-year  guarantee  basis. 

You  can'f  afford  fo  bo  a 
.  rotortBng  hohrtonigt  •  •  • 

"■lack  Seal"  blanks  will  net  rip  up, 
disintegrate  or  powder  after  the  first 
playing  if  kept  In  storage  for  any 
long  period  of  time.  You  are  In  no 
danger  of  losing  voluable  recordings 
In  what,  up  until  new,  you  have  con¬ 
sidered  your  safe  library  of  recording 
blanb.  No  matter  hew  well  you  may 
be  satisfied  with  your  present  blanks, 
you  can’t  afford  to  be  a  recording 
Isolationist.  Try  "Hack  Seals”— if,  for 
any  reason  whatsoever,  you  aren't 
satisfied,  return  them  at  our  eiponse. 


THE  GOULD-MOODY  CO. 

395  BROADWAY  NEW  YORK  13.  N.Y. 


GUARANTEE 

GOUID-MOODY 

ALUMINUM 
RICOROING  BLANKS 

o  e  •  df  no  inertnm 
in  priem  I 
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NEW  ENGINEERING 
NEW  DESIGN  •  NEW  RANGES 
50  RAIV6E8 

Voltage:  5  D.C.  0-10-50-250-500-1000 
at  25000  ohms  per  volt. 

5  A.C.  0-10-50-250-500-1000 
at  1000  ohms  per  volt. 

Current:  4  A.C.  0-.5*l-5-10  amp. 

6  D.C.  0*50  microamperes— 
0>l-10-50-250  mllllamperes— 
0*10  amperes. 

4  Resistance  0-4000-40,000  ohms — 4- 
40  megohms 

4  Decibel  -10  to  -1-15,  -1-29,  -H43. 
+49,  +55 

Output  Condenser  in  series  with 

A.C.  volt  ranges 


QUADRIGA 

WASHiRS 


SPECIFICATIONS 

NEW  “SQUARE  LINE**  metal 
CAM,  attractive  tan ‘‘hammered" 
baked-on  enamel,  twown  trim. 

■  PLUG-IN  RECTIFIER  — 
replacement  in  case  of 
overloadlns  I*  elmple  ae 
chansing  radio  tube. 

■  READABILITY— the  moet 
readable  of  all  Volt-Ohm- 
Mllllammeter  acalea — 5.4  Inchee 
Ions  at  top  arc. 


Modtl  2400  is  similar  bat  has  D.  C.  aotis 
Rangts  at  5000  ohms  par  toll. 

Write  for  complete  description 

Triplett 

ELECTRICAL  INSTRIJIIENT  CO. 


•  Many  sizes  and  alloys 
for  a  range  of  applications 
such  as  miniature  tubes, 
hearing  aid  tubes,  low- 
current-drain  battery  tubes 
receiving  tubes  .  .  . 


muiFrroN  ML  oaio 


Meet  requirements  of  the  elec- 
t  r  o  n  i  c  field  —  QUADRIGA 
WASHERS,  to  your  specifica¬ 
tions.  Prompt  delivery  of  any  ^ 
quantity.  Special  flat,  tension  VT 
and  spring,  formed  and  drawn, 
cupped  and  finishing.  Write 
for  valuable  catalog. 

THE  QUADRIGA  MFG.  CO. 

221-A  W.  Grand  Ave.,  Chicago  10,  III. 


* 


#  Melted  and  worked  to 
assure  maximum  uniform¬ 
ity  and  strength.  WIRES 
drawn  to  .0004"  diameter; 
RIBBON  rolled  to  .0001" 
thickness  . . . 


e  METAL  AND 
PLASTIC 
SPECIALTIES 

e  STAMPINGS 

e  SCREW 
MACHINE 
PARTS 


r  ■■■3 


•  Wollaston  Process  Wire  ' 
drawn  as  small  a s 
.00CK)10";  made  to  your 
specifications  for  diameter^, ^ 
and  resistance. 


STAMFORD  METAL  SPECIALTY  CO.,  429  W.  BROADWAY,  N.  Y.1 2 


SPECIAL  ALLOYS  made  to 
meet  individual  requirements 
Write  for  list  of  stock,  alloys 


SIGMUND  COHN  &  CO. 

44  GOLD  ST.  *  NEW  YORK 

SINCE  /A  1901  ' 
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300  TWIN 
BSNOS 

nefhour! 


iimi 


r/te 

riftiSHto 

PRODUCT 
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of  installing  Collins  radio 
ment  in  aircraft. 


Dormitzer  Electric  &  Mpg.  Corp., 
Boston,  Mass,  has  been  formed  by 
combining  facilities  and  personnel 
of  Wholesale  Radio  Laboratories 
and  American  Coil  Co.,  and  will 


manufacture  industrial  x-ray  units, 
transformers,  amplifying  systems, 
and  electromechanical  devices  as 
well  as  custom  equipment. 


PERSONNEL 

Arthur  H.  Jones,  now  with  Gray 
Mfg.  Co.,  Hartford,  Conn.,  was 
awarded  the  Legion  of  Merit  for  his 
wartime  services  as  Lieutenant 
Colonel  in  the  Coast  Artillery  Corps, 
where  he  devised  new  and  improved 
methods  for  radar  spotting  of  mor¬ 
tars. 


The  new  Gothard  Indicator  Light 
Y  »  Assemblies  Catalog  is  bigger  and  bet- 

ter  than  any  similar  catalog  ever 
published.  It  offers  a  wealth  of  scien¬ 
tific  data,  which  will  greatly  aid  you  in  selecting  the  right 
assembly  for  your  industrial,  household  appliance,  radio  or  other 
apphcations.  It  ako  illustrates  and  describes  the  largest  selec¬ 
tion  of  Underwriters  approved  assemblies  for  any  voltage  and 
style  of  miniature  lamps  and  built-in  resistor  assemblies  for 
neon  lamps.  Here  is  the  latest  data  published  on  Indicator  Light 
Assemblies — ask  for  your  copy  immediately. 


Henry  Lavin,  recently  discharged 
from  the  Navy  as  chief  radio  tech¬ 
nician,  received  an  appointment  as 
field  engineer  for  Kahn  and  Co., 
Hartford,  Conn. 


^  y  MANUFACTURING 
COMPANY 

2114  CLEAR  LAKE  AVENUE,  SPRINGFIELD,  ILLINOIS 
EXPORT  DIVISION:  2S  WARRIN  STREET  •  NEW  YORK  7,  N.  Y. 


L.  Morgan  Craft  has  been  elected 
vice-president  in  charge  of  engi¬ 
neering  and  manufacturing  for  The 
Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  Within  a  few  years  after 
joining  the  Collins  organization  in 
1935  he  was  made  chief  engineer, 
and  since  then  has  assumed  increas¬ 
ingly  greater  administrative  re¬ 
sponsibilities-. 


Wifh  Ivto  DI-ACRO  BENDERS 


A  difficult  production  problem  of  pieces  are  completed  per  hour 
forming  two  bends  in  a  long  ien^h  individual  bends. 

"DIE-LESS  DUPLICATING”  < 

up  two  DI  ACRO  Benders  as  illus-  ijoec  I*  OulckAP*  ia/itmout 
trated.  This  dual-forming  arrange-  WITHOUT 

ment  saved  installation  of  special  but  one  example  of  hoN 

machinery.  Two  accurately  formed  ^  precismn  machines  Be 

tends  are  obtained  in  one  operation 

-without  distortion  of  the  tube  and  variety  of  parts  “ 

at  a  cost  competitive  to  power  pieces  and  shapes’ 
operated  equipment.  More  than  300  without  die  expense. 

Writ*  far  Catolog— "DIE-LESS  DUPLICATING” 

<  DI-ACRO  U  prenownccd  "DIE-ACK-RO".  C 


W.  N.  Tuttle 


W.  N.  Tuttle  of  General  Radio  Co. 
received  the  Medal  of  Freedom  for 
distinguished  work  in  adapting 
blind  bombing  equipment  and  tech¬ 
nique  for  introduction  into  the 
Eighth  Air  Force. 


Edward  E.  Schultz,  chief  engineer 
of  Press  Wireless  during  the  war. 


921  EIGHTH  AVENUE  SOUTH 


NavemSer,  1946  —  ELECTRONICS 


i-. 


BIRNBACH  RADIO  CO.,  Inc 

145  HUDSON  ST.  N.Y.  13,  N.Y 


iLECTRO-ACOUSTIC  DIVISION 
Minneapolis;  Minn. 


LATERAL  FEEDBACK  CUTTER 

—  Driver  Amplifier  Combination 


(OOK  LABORATORIES 


1  39  Gordon  Blvd 


IRNBACH’S 


Man,  Here’s  Comfort 
for  EARSI 


That’s  right,  mister.  The 
Telex  MONOSET  re-  ^ 

places  hot,  headache-y,  ||| 

old-style  headphones  | 

wherever  comfortable 
hearing  is  needed.  Worn 
under  the  chin,  the 
MONOSET  eliminates 
head  and  ear  fatigue.  So 
for  comfort  for  ears  (your 
own  or  your  customers) 
specify  Telex  MONOSET. 
Immediate  delivery. 

Weixhs  only  1.3  oz.  Fully  adiust- 
able  to  all  head  sizes.  Ruxiced  Ten- 
ite  construction.  Removable  plastic 
ear  tips.  Frequency  response:  50  to 
3,000  c.p.s.  Maximum  sound  pres¬ 
sure  output:  300  to  400  dyns  per 
sq.  cent.  Available  in  two  imped¬ 
ances:  128  and  2,000  ohms. 


CERAMIC 
PORCELAIN  & 
INSULATORS 


Complete  with  light  plastic 
cord  and  standard  phone  plug. 


USERS:  Electrical  transcrib¬ 
ing  machines.  Program  dis¬ 
tribution  systems.  Commer¬ 
cial  aircraft  operations.  RR 
inter-communication  sys¬ 
tems.  Laboratory  testing 
equipment.  Wired  music 
systems.  Radio  station  oper¬ 
ations.  Radio  “hams”  ant 
engineers. 


every 

purpose 


Writ*  to  Departmont  H  for  irtforrt^ation 
and  quotations. 

"Hoaring  At  Its  Bost” 


Canadian  Distributors:  Addison  Industries,  Ltd.,Toronto 


TEST  YOUR 
MAGNETIC  CIRCUITS 


Filaments,  anodes,  supports,  springs, 
etc.  lor  electronic  tubes.  Small  wire  and 
flat  metal  formed  parts  to  your  prints 
for  your  assemblies.  Double  pointed  pins. 
Wire  straightened  and  cut  diameter  up  to 
Vs-inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 

Inquiries  will  receive  prompt  attention. 


RAWSON  FLUXMETER  TYK  S04 


Newark  2.  N.  J. 


Tho  only  porfabU  fluxmatar  availabU  which 
raturns  rapidly  to  zaro  whan  a  lingla  button 
it  daprastad.  Simpla  and  fast  in  oparation. 
Convaniant  and  light  In  waight. 

Not  llmitad  to  a  tingla  typa  of  maatura- 
mant.  Has  univartal  application  for  labora¬ 
tory  or  production.  Maasuras  strangth  of 
magnats  and  alactromagnats,  parmaability 
and  hystaratit  loops  for  Iron  and  staal,  total 
flux  linat  In  circuit,  flux  Unas  davalopad  In  air 
gap,  ate. 

Hat  a  machanical  clamp  to  protact  tha 
pivots  and  {await  whan  in  transit. 

Low  price  $125  nef  FOB  Cambridge,  Mau. 


NEW  CIRCUIT  16  db  OVERALL  FEEDBACK 

THOROUGHLY  LIFE-TESTED  20  db  STABILIZING  FEEDBACK 

FIRST  ON  THE  MARKET  3S-40  db  TOTAL  FEEDBACK 

STABLE  —  DEPENDABLE  thru  tho  useful  range 

CHARACTERISTICS:  •  10-12  db  reserve  power  UNDISTORTED  •  ±  2  vu  30-12,000 
with  30  tm/sot  copobility  at  12  kc.  #  Sharp  cut-off  at  12  kc  to  ovoid  widening 
groove  #  Overall  flux  feedback  for  stylus  control  ond  domping  #  Internal  current 
feedback  for  stability  #  Input  equalizer  -  instont  selection  of  recording  chorocter- 
istic  #  Intermodulotion  unbelievably  low  #  interchangeable  cutters  #  Regulor 
sizi  cutter  slondord  mounting  holes  #  SO  wott  omplifier  push-pull  throughout 
NE6LI6IILE  MAINTENANCE  -  INSTALL  IT  AND  FORGET  IT 
“Na  comparison  with  prtviavs  systams  for  technical  perfocmanca 
or  listening  satisfaction." 

Enginaering  staff  availablo  for  spocial  roquiromonts 


RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 


Recording  Systems 

Liconsod  undor  U.  S.Pats.  of 

Western  Electric  Co.,  Inc. 


Ill  Pottwr  Strtafi  Cambridg*  42,  Mast. 
Rapresaiifoffvaa 

Chicago  Lot  Aiigolos  Now  York  City 
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PHOTO  ELECTRIC 
CELLS 


BRADLEY 

LABORATORIES.  INC 


82  Meadow  Sf.  New  Haven  10,  Conn 


NEWS  OF  THE  INDUSTRY 


(continued) 


has  joined  Cook  Electric  Co.,  Chi¬ 
cago,  and  will  assist  in  directing  re¬ 
search  on  transient  motion  measur¬ 
ing  instruments  and  electronic  con¬ 
trols  for  aircraft. 

Roy  Dally  is  now  chief  engineer  in 
charge  of  phonograph  needle  and 
pickup  design  for  Electrovox  Co., 
Inc.,  Newark,  N.  .1. 


Many  Standard  Mountings 


W.  F.  Frankart 


In  addition  to  the 
piguil  contact  model 
shown  here,  Bradley 
also  offers  cells  with 
plug-in  and  nut-and- 
bolt  mountings. 


William  F.  Frankart  has  been  ap¬ 
pointed  senior  radio  project  engi¬ 
neer  at  Lear,  Inc.,  Grand  Rapids, 
Michigan.  He  was  formerly  chief 
radio  engineer  for  Precision  Spe¬ 
cialties,  Inc.  of  Los  Angeles.  Before 
that  he  was  employed  by  Air  Asso¬ 
ciates,  Inc.  of  California  as  a  design 
engineer,  and  previous  to  that  was 
in  turn  assistant  chief  engineer  at 
Aireon  Mfg.  Corp.  of  Kansas  City 
and  project  engineer  for  Farns¬ 
worth  Radio  &  Television  Corp.  of 
Fort  Wayne,  Indiana. 

L.  E.  Bessemer,  formerly  chief  pro¬ 
duction  engineer  for  Collins  Radio 
Co.,  Cedar  Rapids,  Iowa,  has  been 
promoted  to  become  general  man¬ 
ager  of  the  Manufacturing  Divi¬ 
sion. 

Samuel  Heyman,  formerly  produc¬ 
tion  manager  of  Aerovox  Corp.,  be¬ 
comes  factory  manager  for  the  Tobe 
Deutschmann  Corp.,  Canton,  Mass. 

Robert  W.  McKiruy,  who  served 
during  the  war  as  Electronics  Liai¬ 
son  Officer  between  the  Bureau  of 
Ships  and  the  British  Admiralty 
Delegation,  has  joined  Centro  Re¬ 
search  Laboratories,  Inc.,  Briar- 
cliff  Manor,  N.  Y.,  as  technical  serv¬ 
ice  director. 


The  shapes  of  Lux- 
tron  photocells  vary 
from  circles  to  squares, 
with  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 

For  direct  conversion 
of  light  into  electric 
energy,  specify  Brad¬ 
ley’s  photocells.  They 
are  rugged,  lightweight 
and  true-to-rating. 


CONTACTS 


lltutfrated  literature, 
available  on  request, 
shows  more  models  of 
Bradley  photocells,  plus 
o  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  'The  Bradley 


in  BilUSHBS 

for  i^i  ciNrrent  density  #  mini-  < 
mum  wear  •  tow  contoct 
tow  etoctricoi  noise  #  seH-4wM- 
cotton  ;  , 

biCOHTAm 

Imr  tow  resistance  •  non-weidtog 
character  . 

GIAtHAlLOY  w«fks  •Hvtn  won’t! 

Specify  OKAFHAILOY  wHii  conftdonco. 

spocM  silvor-iiiipropMitod  gropliito 


First  commercial  radio  program 
was  sponsored  in  1922  by  a  Jackson 
Heights,  N.  Y.  real  estate  company, 
Queensborough  Corp.  It  paid  $100 
for  ten  minutes. 
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CUSTOM  \p^/  MOLDED 

PinSTICS  PORTS 


Tliiiiiui^l^ 

Nki  lineal* 


PRECIOUS  METALS  IN  ALL  FORMS  FOR  THE  ELECTRONIC  INDUSTRIES 


Auevsy^^'/VG^ 


«iitti|i<ict«iiif««|  Cc' 


231  NEW  JERSEY  R  R  AVE 
NEWARK  5  N  J 


»J1,  NORTH  WHIPPLE  ST. •CHICAGO  12,  ILL. 


PRECIOUS  METALS  SINCE  1875 


Are  you  on  the  mailing  list 
for  our  bulletins  and  cata» 
logs?  If  not,  you  ought  to 
be.  We've  probably  got  just 
what  you  want  in  parts,  or 
complete  rigs,  and  our  prices 
are  shaved  paper-thin.  So 
send  us  a  note  or  post  card. 
Keep  smart  company. 


H^uCt unUtfude  tU  jfot  tfou  f 

THAT'S  THE  QUESTION  —  You  v^ant  to  know  if  the  lower  flow 
point,  lower  silver  content,  faster  spreading  action  and  small 
amount  of  alloy  required  will  save  time  and  cut  your  costs 
—  and  how  much.  For  a  quick  answer  — ask  your  regular 
supplier  for  a  free  demonstration  —  or  better  still,  place  a 
trial  order  with  him  and  put  these  alloys  to  your  own  tests 
on  your  own  work. 


82  FULTON  ST.,  NEW  YORK  7,  N.  Y. 

CeeM  *  Ch»«ege.  Ill  •  ies  Aege let.  Cel  *  Frevtdeeee.  t  I  *  feteeie.  Ceeede 

Agofitt  in  ^rincipwl  Cltiot 


Radio  Wir*  TaUvision 
DEPT.  EK-6  100  SIXTH  AVE.,  NEW  YORK  13,  N.  Y. 
no  FEDERAL  STREET.  BOSTON  10.  MASS. 
24  CENTRAL  AVENUE.  NEWARK  2.  N.  J. 


The  making  of  permanent  magnets  is 
an  alloy,  too  ...  of  experience,  engi¬ 
neering,  facilities.  We'll  be  glad  to 
tell  you  more.  Write  for  bulletin. 


THOMAS  A  SKINNER  STEEL  PRODUCTS  CO. 
1116  R.  23rd  Si.,  Indianapali*  S,  Ind. 


. .it  mitl  tpccilc 
rtquirtmtnlt...  by  on  oiptriincid  organization 
. . .  teolod  for  thi  production  of  plostks  ports 
tor  oloctricol  or  gintrol  opplicotions.  Inquirios 
■cknowlidgod  promptly. 


i 
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NEW  BOOKS 


Scientific  Instruments 

Edited  by  Herbert  J.  Cooper,  Head  of 
Engineering  Dept.,  South-West  Essex 
Technical  College,  England.  Chemi¬ 
cal  Publishing  Co.,  Brooklyn  2,  N.  Y., 
1946,  304  pages,  $6.00. 

Any  single  volume  that  attempts 
to  describe  scientific  instruments 
ranging  from  water  meters  and  cal¬ 
culating  machines  through  cathode- 
ray  tubes  and  optical  devices,  must 
be  arbitrary  of  choice.  The  editor 
has  doubtless  planned  his  volume 
for  a  given  purpose,  packing  it  with 
useful  information,  but  the  final  re¬ 
sult  gives  the  feeling  of  perusing  a 
mail-order  catalog.  Furthermore, 
though  not  labeled  as  such  by 
the  publisher,  this  is  apparently  a 
reprint  of  a  British  book,  and 
illustrates  British  instruments. — 
A.  A.  MCK. 


WHAT  A 
SPEAHBR! 


Western  Electric 

728B  LOUDSPEAKER 


No  fooling,  the  first  time  you  hear  music  and  speech 
delivered  hy  the  new  728B  youMl  find  it  hard  to  believe 
you’re  listening  to  reproduced  sound!  New  design  features, 
developed  by  Bell  Laboratories,  make  the  728B  ideal  for 
studios  where  high  quality  reproduction  from  a  single 
unit  speaker  is  a  ^miist.”  For  full  details— Graybar  Electric 
Co.,  420  I^xington  Ave.,  New  York  17,  N.  Y.,  or . . . 

ASK  YOUR  local 


Radioman^g  Handbook 

Compiled  by  technical  staff  of  Coyne 
Electrical  School.  Published  by  Coyne 
Electrical  School,  Chicago,  III.,  355 
pages,  $3.25. 

A  CONGLOMERATION  of  elementary 
radio  theory,  examples  of  arithmet¬ 
ical  calculations  used  in  radio,  and 
some  of  the  simpler  tables,  charts, 
and  nomographs  used  by  techni¬ 
cians  rather  than  engineers.  The 
level  of  writing  is  for  home  radio 
students  and  radio  shop  techni¬ 
cians. — J.  M. 


BROADCAST  REPRESENTATIVE 


Electron  and  Nuclear 
Counters 

By  Serge  A.  Korfp,  Associate  Profes¬ 
sor  of  Physics,  New  York  University. 
D.  Van  Nostrand  Co.,  Inc.,  New  York, 
N.  Y.,  212  pages,  $3.00. 

A  HIGHLY  COMMENDABLE  survey  and 
summary  of  the  present  state  of  the 
art  of  using  Geiger  counters  and 
related  special-purpose  counters, 
written  at  an  intermediate  level  for 
graduate  students,  workers  in  in¬ 
dustrial  laboratories  and  medical 
research  institutions,  and  the  many 
others  who  are  finding  counters  to 
be  useful  tools  for  measurements 
and  research.  Some  knowledge  of 
atomic  physics  and  some  familiar¬ 
ity  with  vacuum-tube  circuits  is 
presupposed. 

Chapter  I  analyzes  progressive 


U.H.F.  STANDARD  SIGNAL 
GENERATOR  MODEL  84 


SPECinCATIONS 

CARRIER  FREQUENCY:  300  to  1000  megacycles. 

OUTPUT  VOLTAGE:  0.1  to  100,000  microvolts. 

OUTPUT  IMPEDANCE:  50  ohms. 

MODULATION:  SINEWAVE:  0—30%,  400, 1000  or  2500 
cycles.  PULSE  :  Repetition — 60  to  100,000  cycles.  Width — 
1  to  50  microseconds.  Delay — 0  to  50  microseconds.  Sync, 
input — amplifier  and  control.  Sync,  output — either  polarity. 

DlMmSIONS:  Width  26",  Height  12",  Depth  10". 

WBOHT:  125  pounds  including  extemol  line  voltage  regulator. 
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ALLIED 


make  frequency  response 


CHECKS  INSTANTANEOUSLY 


Invaluable  for  Broadcast  and 
F.  M.  Stations.  Laboratories  pro¬ 
duction  testing,  and  Motion  Pic¬ 
ture  Sound  Equipment. 

.SEE  A  COMPLETE  PICTURE  of 
the  response  characteristics  for  all 
types  of  transcription  pickups,  am¬ 
plifiers,  and  audio  systems  with  the 
new  Sweep  Frequency  Transcription 
on  12"  and  16"  Vinylite.  Make  ad¬ 
justments  in  system  or  components 
quickly.  Reveals  all  types  of  distor¬ 
tion  and  transient  phenomena — fre¬ 
quency  range  60  to  10,000  CPS. 
Write  for  free  technical  data  sheet 
^104-E. 


^  CORP. 

•  11927  W.  Pico.  Lo$  Angeles  34.  Calif.# 


free 


Largest  Stocks  *  Complete  Service 
From  one  Central  Supply  Service 

Leading  industrial  and  engineering  firms  depend 
on  the  ALLIED  Catalog  as  their  Buying  Guide 
for  everything  in  radio,  electronics  and  sound. 

Lists  more  than  10,000  quality  items  .  .  .  radio 
and  electronic  parts,  vacuum  tubes,  tools,  test 
instruments,  audio  amplifiers,  accessories  .  .  . 
complete  lines  stocked  by  a  single  reliable  source. 

Try  ALLIED’S  expert,  specialized  industrial 
service.  Send  for  FREE  Catalog  now! 

CH  and  Sitct%^Kcc4^ 


ALLIED  RADIO  CORP. 

833  W.  Jackson  Blvd.,  Dept.  24-L*6  Chicago  7,  Illinois 


Sound  Equipment 

See  ALLIED'S  wide  selection 
of  Intercom,  Paging  and  Pub¬ 
lic  Address  systems.  Models 
for  every  industrial  purpose. 


^Send  for 
^(XCCt 
ALLIED 
CATALOG 


and 


RECORDING 
EQUIPMENT 

ALLIED  Discs  are  favored  by  noted 
broadcosters  and  other  users,  lor  their 
high  fidelity.  Test  them  on  your  work. 
One  of  the  first  companies  to  make 
ixutantaneous  recording  equipment. 
ALLIED  offers  you  the  benefit  of  its 
seosoned  skill. 

Write  for  our  New  Descriptive  Bulletin. 

dLLIEb 

RECORDING  PRODUCTS  CO. 

21-M  48ra  Aw.  LONG  ISLAND  CITY.  NEW  YORK 


PRINTING-FINISHING  SERVICE 


DIALS  NAME  PLATES  CALIBRATIONS 
INSTRUMENT  PANELS  AND  HOUSINGS 


ALUMINUM 


ACETATES- 

PHENOLICS 


Printing  so  durable  that  it  replaces 
etching,  so  sharp  on  wrinkle  that  it  appears 
-ACRYLAits  engraved;  also  perfect  writing  and 
NITRATES  «rcuing  finish  on  both  metals  and  plastics. 


PROMPT  QUOTATIONS-  -  PROMPT  DELIVERIES  —  SAMPLES  ON  REQUEST 

The  ANSONIA  CLOCK  COMPANY  Inc. 

SPECIAL  PARTS  DIVISION.  105  LAFAYETTE  ST..  NEW  YORK  13,  N.  Y. 
TELEPHONE  WORTH  4-6654 


LAMINATED  PLASTICS 


PtlBnOl  FibrB  water-,  oil-,  and  chemical-resisting  sheets  of  high  dielectric  strength. 

*  *  *  Supplied  in  block  and  natural  color.  Standard  sheets  opproximotely 
49  X  49  inches.  Thicknesses  from  .010  to  9  inches.  Rods  and  tubes. 

VlllrRni7Pfi  FihrP  uniform,  high-grade,  hard  fibre  in  sheets  56  x  90 

inches  to  save  waste  in  cutting.  Smaller  sheets  if  desired.  Also  in 
standard-size  rods. 

FABRICATED  PARTS* TAYLOR  INSULATION •  SRENT  GEAR  STOCK 
We’re  reody  whenever  you  ore.  Send  bfucpnnfs. 

TAYLOR  FIBRE  COMPANY  NontMewn,  P.Mmsytroaie 

Pacific  Coast  Plaal;  Lo  Vane,  Coliforaio  •  Offices  ia  Priacipal  Cities 
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PHENOL  AND  VULCANIZED 

FIBRE  FABRICATIONS 


changes  in  counter  behavior  as  volt¬ 
age  is  raised,  and  presents  the 
terminology  of  counter  circuits. 
Following  chapters  cover  counting 
chambers,  integrating  types  of  ion¬ 
ization  chambers,  proportional 
counters,  neutron  counters,  count¬ 
ers  for  heavy  ionizing  particles, 
nonselfquenching  counters,  and 
selfquenching  counters.  Chapter  V 
gives  highly  practical  suggestions 
for  preparation  and  construction  of 
counters,  chapter  VI  covers  errors 
and  corrections  in  counting,  and  the 
final  chapter  covers  auxiliary  cir¬ 
cuits  such  as  quenahing,  coinci¬ 
dence,  scaling,  recording,  voltage 
supply,  regulating,  integrating,  and 
pulse  amplifying  circuits.  Values 
of  components  for  many  of  the  cir¬ 
cuits  are  given.  A  unique  and  val¬ 
uable  appendix  contains  a  list  of 
manufacturers  of  counters  and  as¬ 
sociated  equipment  along  with  con¬ 
ventional  reference  and  bibliog¬ 
raphy  sections.  All  in  all,  this  book 
constitutes  a  significant  contribu¬ 
tion  to  the  literature  of  electronics. 
— J.  M. 
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Wave  Propagation  in 
Periodic  Structures 

By  Leon  Brilix)UIN,  Applied  Mathe- 
maticH  Group  at  Columbia  Universitjf. 
McGraw-Hill  Book  Co.,  Inc.,  Sew 
York,  1946,  247  pages,  $4.00. 

Mathematical  treatments  of 
wave  propagation  in  electric  lines 
and  filters,  crystal  lattices,  and  in 
an  idealized  elastic  medium,  being 
es.sentially  identical,  provide  the 
theme  of  this  short  addition  to  the 
International  Series  in  Pure  and 
Applied  Physics.  For  those  who 
can  make  the  mental  jump  from 
familiar  electrical  symbols  to  gen¬ 
eralized  notation  and  are  not  con- 
fu.sed  by  the  various  particular 
physical  phenomena  to  which  the 
mathematics  is  applied,  the  work 
demonstrates  how  to  use  complex 
algebra  and  calculus  in  solving  the 
problems  under  discussion.  Wave 
propagation  and  boundary  condi¬ 
tions  of  uniform  systems  are  thor¬ 
oughly  analyzed.  As  the  text  was 
piepared  from  notes  made  by  Mary 
H.  Payne  while  attenduig  the  au¬ 
thor’s  lectures,  explanations  that 
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might  have  seemed  trivial  to  a 
mathematician  but  guide  learners 
have  been  retained. — F.  R. 
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•  the  Minimotor. 

•  the  AIni  Corporation  is 
pleased  to  announce  the 
availability  of  the  low¬ 
est  practical  current 
consumption  D.C.  motor 
in  the  world. 

•  the  motor  of  an  entirely 
new  principle!  No  rotat¬ 
ing  windings. 

•  the  motor  that  can  oper¬ 
ate  on  as  little  as  thirty 
milliwatts  power. 

•  the  motor  that  is  ideal 
for  saving  current  where 
power  supply  is  an  im¬ 
portant  factor. 

•  the  motor  that  has 
countless  applications  in 
the  miniature  horse¬ 
power  field. 

•  the  motor  that  may  well 
be  the  answer  to  your 
problem. 
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Mathematical  Tables  Project,  spon¬ 
sored  by  National  Bureau  of  Stand¬ 
ards.  Prepared  by  the  Columbia  Uni¬ 
versity  Press,  New  York,  1946,  486 
pages,  $7.50. 

The  book  contains  two  parts.  Part 
I  presents  values  of  A'  for  A  = 
0.01  to  0.99  in  steps  of  0.01,  and 
A  =  2  to  9  in  steps  of  1  for  values 
of  X  =  0.001  to  0.01  in  steps  of 
0.001,  and  0.01  to  0.99  in  steps  of 
0.01;  also  for  A  =  tc  and  A  = 
10  for  values  of  x  from  0.001  to 
,1.000  in  steps  of  0.001.  Part  11  pre- 
<sents  values  of  x‘  for  a  =  ±zl/2, 
±:l/3,  zt;2/3,  and  ±1/4  for  values 
of  X  from  0  to  9.99  in  steps  of  0.01. 
i  A  bibliography  of  seventy-six  tabu- 
’  lations  containing  related  tables  is 
included. — F.  R. 


Circuit  Analysis 
by  Laboratory  Methods 

By  Carl  E.  Skroder  and  M.  Stan¬ 
ley  Helm,  Electrical  Engineering 
Department,  University  of  Illinois. 
Prentice-Hall,  Inc.,  New  York,  288 
pages,  $5.35. 

Laboratory  manuals,  like  all  texts, 
are  judged  by  teachers  on  their 
suitability  to  the  particular  objec¬ 
tives  of  courses  for  which  they  may 
be  used.  There  are  several  labor¬ 
atory  manuals  for  introductory  ap¬ 
plied  electrical  engineering  courses, 
flanked  on  one  side  by  basic  texts  on 
electrical  measurements  per  se,  and 
on  the  other  side  by  manuals  on 
advanced  electrical  machine  test¬ 
ing. 

All  such  books  include  both  refer¬ 
ence  material  on  theory  and  in¬ 
structions  for  experiments.  This 
book  includes  in  addition  stand¬ 
ard  laboratory  practices  and  report 
writing.  The  level  of  the  material 
makes  it  suitable  for  trade  school 
and  first  year  college  electrical  and 
nonelectrical  courses  in  d-c  and  a-c 
circuits,  depending  on  the  nature,  of 
the  class  instruction  which  this 
work  is  intended  to  supplement. 
— F.  R. 
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(or  threo  yoars.  Plaasa  indleato  position  and  company  oonnootlon  on  all  subserlption  ardors.  Entarod  as  Soeend  (^ass  mattar  Aufust  29.  1936,  at  Post  OIRoo,  Albany. 
Nw  York,  under  tho  Act  of  March  3.  1879.  BRANCH  OFFICES:  820  North  MIehIfan  Avonua.  Chleaao  II,  IN.:  88  Pact  Str^  San  Franeisca  4;  Aldwych  Housa. 
Aldwyeh.  London,  W.C.  2;  Washin^on,  D.  (L  4:  Phlladalphia  2;  Clovaland  18;  Detroit  28;  St.  Louis  I;  Boston  18;  Atlanta  S,  Ga.;  821  8a.  Hops  SL.  Los  Angelos  14; 
738.9  Ollvar  Building,  Pittsburgh  22. 
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UTC  Hiperm  Alloy  Transformers  Feature 

True  Hum  Baloncing  Coll  Structure 
—  Variable  Impedance  Line 

Reversible  Mounting 
Alloy  Shields 

Mul.ipl.  Ci,,  Se„i.I„,„ido,  Ci,  S.ru..urc  . 
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tine  to  gF'O- 


Primoty  impedance 

50,  125.  209.  250. 
333.  500  ohms 


Secondary 

Impedance 


60,000  ohms  in 
two  sections 


±  i  db 
from 

30-20,000 


Max  Unbal. 
Max.  DC  in 

Level  primary 

_^22  DB  5  MA 


List  Pr'C* 
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So«.  o.  =«.o«  ‘■u' 


lo  push-py'i  grids. 


„i.oiioY 

50,  U5.  200,  250, 
333,  500  ohms 


.Pec.  very  .o«  Uu- 

,20  000  ohm.  over-  30-  . 

alt.  in  two  sections 


^22  DB  5  MA 


SVC'™-'- 

line. 


wi.olloy  i"'."''!' 

50,  .25,  200,  250, 
333,  500  ohms 


,p.c.  very  '•»  '’■'‘;:“'„-oo 

50,  .25,  200,  250,  30-20,000 

333,  500  ohms 


-i-22  DB  5  MA 


smoi.  p'oi.  '»  Pui”' 

pull  grids 


8.000  to 
15,000  ohms 


135.000  ohms 
1.5:1  rot  to, 
each  side 


30-20,000 


-1-22  DB  D 


smgl.  p'"'* 

line. 


8,000  to’ 
15,000  ohms 


Push-puH  B9's  or 
2A3’s  to  lin*- 


5.000  to 
lO.OOO  ohms 


r.;;,  200,  250,  30-20,C»0 

:r25o,  30-20,000 

300,  500  ohms 


-^22  DB  ' 


1-32  DB  5  MA 


Push-pull  2Ars  to 
voice  coil. 


3,000  to 

5  000  ohms 


30.  20.  15'  iO, 
7.5.  5,  2.5,  1.2 


30-20,000 


.^32  OB  5  MA 
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